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(57) ABSTRACT 
As disclosed herein, the present invention is directed to 
unique gene cassettes, and methods for their use, wherein 
the gene cassettes comprise multifunctional transgenic DNA 
sequences that completely, or nearly completely, excise 
themselves from the genome of plants into which they are 
introduced. Hie excision process is triggered in response to 
specific internal or external stimuli by means of excision/ 
recombinase systems in unique combinations and orienta- 
tions within the multifunctional transgenic sequences. Com- 
plete, or nearly complete, removal of the heterologous DNA 
significantly reduces the possibility of uncontrolled propa- 
gation of the transgenic species and may, more importantly, 
permit crops produced from transgenic plants to be co- 
mingled with do n -transgenic crops for marketing purposes. 
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METHODS FOR THE CONTROLLED, 
AUTOMATIC EXCISION OF HETEROLOGOUS 

DNA FROM TRANSGENIC PLANTS AND 
DNA-EXCISEVG GENE CASSETTES FOR USE 
THEREIN 

REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims benefit under Title 35, 
U.S.C. §119(e), of U.S. application Ser. No. 60/221,318, 
filed Jul. 28, 2000. 

FIELD OF THE INVENTION 

[0002] The present invention relates to genetically engi- 
neered DNA constructs, also referred to as gene cassettes, 
designed to automatically remove heterologous DNA 
sequences (transgenes) from the genome of transgenic plants 
after the transgenes have served their useful function and/or 
before their presence may give rise to concerns on behalf of 
the consuming public, or to a potentially negative impact of 
these transgenic species on the environment 

BACKGROUND OF THE INVENTION 

[0003] In particular, the present invention is directed to 
multifunctional transgenic sequences that completely, or 
nearly completely, excise themselves from the genome of 
transgenic plants in response to specific internal or external 
stimuli by means of excision/recombinase systems in unique 
combinations and orientations within the multifunctional 
transgenic sequences. Complete, or nearly complete, 
removal of the heterologous DNA significantly reduces the 
possibility of uncontrolled propagation of the transgenic 
species and may, more importantly, permit crops produced 
from transgenic plants to be co-mingled with non-transgenic 
crops for marketing purposes. Furthermore, the practice of 
the present invention provides a mechanism through which 
the creators of the transgenic species may gain commercial 
benefit from the marketplace dissemination of transgenic 
plants without concern for dissipation of the value of the 
proprietary technology contained therein. At the same time, 
and of critical importance for areas of the world with less 
than adequate supplies of plant-derived food stuffs, the 
methods of the present invention result in a wild-type plant 
species, after removal of the heterologous DNA, that is fully 
capable of further propagation. 

[0004] The International Service for the Acquisition of 
Agri-Biotech Applications (ISAAA) estimates that global 
sales of transgenic crops were $2.1 to $2.3 billion in 1999. 
A total of 39.9 million hectares of transgenic crops were 
planted throughout the world in 1999, of which herbicide 
tolerant crops (primarily "Roundup Ready" technology) 
represented 28.1 million (71%) hectares, and B.t. insect 
resistance com lines represented 8.9 million hectares (22%). 
It is estimated that farmers throughout the world paid a total 
of $600 million in 1999 for the right to plant transgenic 
crops. ISAAA projects that global sales of transgenic crops 
will grow to $8 billion in 2005 and $25 billion in 2010. 

[0005] According to the US Census Bureau, world popu- 
lation is expected to grow by 55% from almost 6 billion 
people in 1999 to 93 billion in 2050. The increased demand 
for food and fiber combined with a reduction in available 
agricultural lands makes it imperative that agricultural pro- 
duction efficiency increases dramatically as the population 



does. Quantity and quality improvements resulting from the 
technology that contributed to the first "green revolution," 
including conventional Mendelian plant breeding methods, 
the application of chemical fertilizers and pesticides, and 
increased mechanization of agriculture, have reached their 
practical limits. Some of these same tools now contribute to 
environmental problems through chemical contamination 
and soil erosion. 

[0006] The first transgenic plants were commercialized in 
1995 and have since been proven to be the most successful 
new-products in agricultural history. In addition to the 
economic benefits of the technology, the environmental 
benefits are also potentially significant For example, in the 
first several years of the use of transgenic crops transformed 
with the Bat. insecticide gene, the use of chemical insecti- 
cides decreased significantly. Herbicide tolerant crops such 
as "Roundup Ready" corn have allowed the expansion of 
no- till farming which significantly reduces the extent of soil 
erosion. It is expected that over the next fifteen to thirty 
years, agriculture, horticulture, and forestry will be trans- 
formed by a second "green revolution" resulting from 
genetic engineering of plants. Transgenic plant technology 
will contribute to increased production efficiency of agri- 
culture, reductions in pesticide, growth regulator and fertil- 
izer pollution, improvements in food quality and nutritional 
value, and extended shelf life of both food and horticultural 
crops, development of new ornamental crops, and produc- 
tion of more cost-effective industrial enzymes and pharma- 
ceuticals. 

[0007] Such plants, however, have recently been subject to 
increased scrutiny from both the public and local and 
national governments due to a perception that such geneti- 
cally engineered species pose safety and health risks. 
Among the issues surrounding the development and wide- 
spread use of genetically-modified (GM) plants are the 
following: 

[0008] some enzymes and other types of proteins are 
allergens, and plant species genetically modified to 
express these proteins can cause allergic reactions in 
some people; 

[0009] when the antibiotic resistance genes com- 
monly used as selection markers in genetic engineer- 
ing technology remain in food crops, consumption 
over time may lead to an acquired resistance to the 
effectiveness of similar pharmaceutical antibiotics 
used to treat infections in humans; 

[0010] transgenic crops that are planted near non- 
transgenic counterparts may cross-pollinate causing 
the progeny of the non-transgenic relative to be 
transgenic which raises the concern of uncontrolled 
propagation of transgenic plant species and the het- 
erologous genes contained therein. 

[0011] the results of recent studies have been inter- 
preted to indicate that pollen from com varieties 
genetically engineered to contain a bacterial gene 
that is toxic to certain species of lepidopteran insects 
(B.t. corn) was responsible for the destruction of 
Monarch butterflies; however, more recent research 
indicates that there may be no harm to Monarch 
butterflies from the most widely used forms of B.t. 
corn (Obrycki, J., et al., Bioscience, 51: 353-361 
(2001); 
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[0012] for crop species genetically modified to 
enhance resistance to certain herbicides, controlling 
second-generation re-growth and sucker shoots can 
be difficult, raising the specter of uncontrolled propa- 
gation of such herbicide-resistant crops to the point 
where they become weedy pests. 

[0013] From an historical perspective, the agricultural and 
biotechnology industries are facing a watershed of progress 
not unlike that faced by the agricultural industry in the latter 
stages of the nineteenth century. As the agronomy-based 
economy and society of the eighteenth and nineteenth cen- 
turies evolved into the industrial economy of the twentieth 
century, difficult choices were presented to government and 
society. Less and less of the available acreage of the indus- 
trially developed nations of the world was dedicated to the 
production of food crops. At the same time, world popula- 
tion started an explosion that has yet to abate. In light of this, 
the agricultural industry was forced to rely increasingly on 
the use of chemicals such as fertilizers, insecticides and 
herbicides to achieve crop production levels sufficient to 
feed growing populations. The consequences of the envi- 
ronmental dilemmas that such reliance engendered has been 
well documented in the twentieth century. It is undisputed 
that in discriminate usage of agricultural chemicals has had 
significant environmental consequences, and will continue 
to do so. However, it is (or should be) equally undisputed 
that the enhanced yields and agricultural productivity made 
possible through technological advances throughout the last 
century have prevented the starvation of significant seg- 
ments of the world's population. Similar dilemmas once 
again face the agricultural industry as technology, including 
the genetic engineering of crop species, makes it possible to 
achieve highly desirable phenotypic traits previously unat- 
tainable through plant development programs based solely 
on traditional Mendelian genetics. 

[0014] In recent years, a number of approaches to the 
control of plant gene expression have been developed that 
provide tools that may, if applied properly, have some utility 
in addressing issues pertaining to genetically modified 
plants. For example, the Delta and Pine Land Company, in 
an attempt to protect the proprietary content of genetically 
modified crops, has developed technology for the control of 
plant gene expression that has become known as "termina- 
tor" technology. This technology has been disclosed in U.S. 
Pat. Nos. 5,723,765, 5,925,808 and 5,977,441, the disclo- 
sures of which are specifically incorporated herein by ref- 
erence. In general, these patents disclose methods for excis- 
ing DNA sequences associated with transgenes from 
genetically modified plants based on the use of recombinase/ 
excision systems. According to this technology, a transgene 
of interest, usually a gene conferring a desirable phenotypic 
trait on the transformed plant, is operatively coupled to a 
lethal gene so that, when the reoombinase/excision system is 
triggered, a gene is also activated' that renders the resulting 
plants incapable of further propagation. In other words, 
using genetically modified com as an example, the plant is 
transformed with a gene conferring a desirable phenotypic 
trait such as insect or herbicide resistance. As the plant 
matures, the plant displays the desired trait. Thus, a farmer 
will be able to produce a crop from a planting of seeds for 
the transgenic species. However, due to the linking of the 
desired transgene to lethal gene, the seeds produced from 
this transformed plant cannot be planted to grow additional 
crops with the transgenic trait. Thus, the transgenic crop will 



have value for the farmer only for its nutritional or food 
content, and not a source of seed for further plantings. From 
a business perspective, the genetically engineered obsoles- 
cence of the crop makes considerable economic sense 
because it guarantees a market for the next season's seeds. 
This technology also serves as a built-in protection for the 
developer against the uncontrolled exploitation of the pro- 
prietary content of the genetically modified plant line. How- 
ever, it does nothing for farmers in less developed areas of 
the who, because of economic necessity, must rely on a 
portion of one season's crop as the source of seeds for the 
next season's plantings. Almost as an afterthought, this 
technology does provide some benefit in light of the issues 
discussed above in that it insures that it will be virtually 
impossible for transgenes contained within the plants to 
propagate in an uncontrolled manner. 

[0015] According to the disclosures of these patents, the 
functioning of the reoombinase/excision system is under 
control of an externally-inducible promoter system. Upon 
activation of the promoter in response to an external signal, 
the recombinase system effectively excises a sequence 
flanked by the excision sites. Because the excised sequence 
has acted as a blocking sequence for one or more transgenic 
sequences, or has expressed a repressor for the transgene, 
the removal of the blocking sequence permits the active 
expression of the previously dormant transgene. However, 
the transgene is also linked to a lethal gene so that when the 
desired gene is activated, functioning of the lethal gene 
assures that the next generation of the transformed plant is 
incapable of germination and successive proliferation. 

[0016] This approach is specifically designed for imple- 
mentation with hybrid seed lines where the individual parent 
lines can contribute separate segments of the system. Such 
inbred parents will not display the altered phenotype, and 
will produce seed that would give rise to plants that also do 
not display the altered phenotype. When the external stimu- 
lus to which the repressor is sensitive is applied to this seed 
or this plant, the repressor no longer functions, permitting 
the expression of the site-specific recombinase, or alterna- 
tively, when the recombinase is introduced via hybridization 
it is expressed during germination of the seed, either of 
which effects the removal of the blocking sequence between 
the specific excision signal sequences. Upon removal of the 
blocking sequence, the transiently- active promoter becomes 
directly linked to the gene whose expression results in an 
altered plant phenotype. A plant grown from either treated or 
hybrid seed, or a treated plant, will still not exhibit the 
altered phenotype until the transienUy-active promoter 
becomes active during the plant's development, after which 
the gene to which it is linked is expressed, and the plant will 
exhibit an altered phenotype. 

[0017] If the transiently-active promoter is one that is 
active only in late embryogenesis, the gene to which it is 
linked will be expressed only in the last stages of seed 
development or maturation. If the gene linked to this pro- 
moter is a lethal gene, it will render the seed produced by the 
plants incapable of germination. In the initially-transformed 
plant cells, this lethal gene is not expressed, not only because 
the promoter is intrinsically inactive, but because of the 
blocking sequence separating the lethal gene from its pro- 
moter. The repressor is expressed constitutively and 
represses the expression of the recombinase. These plant 
cells can be regenerated into a whole plant and allowed to 
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produce seed. The mature seed is exposed to a stimulus, such 
as a chemical agent, that inhibits the function of the repres- 
sor. Upon inhibition of the repressor, the promoter driving 
the recombinase gene is depressed and the recombinase gene 
is expressed. The resulting recombinase recognizes the 
specific excision sequences flanking the blocking sequence, 
and effects the removal of the blocking sequence. The late 
embryogenesis promoter and the lethal gene are then 
directly linked. The lethal gene is not expressed, however, 
because the promoter is not active at this time in the plant's 
life cycle. This seed can be planted, and grown to produce 
a desired crop of plants. As the crop matures and produces 
a second generation of seed, the late embryogenesis pro- 
moter becomes active, the lethal gene is expressed in the 
maturing second generation seed, which is rendered inca- 
pable of germination. In this way, accidental reseeding, 
escape of the crop plant to areas outside the area of culti- 
vation, or germination of stored seed can be avoided. 

[0018] Other approaches making use of recombinase/ex- 
cision systems, have been reported. For example, in a series 
of patents assigned to Purdue University, recombinase/ 
excision systems have been disclosed that are capable of site 
specific transformation accompanied by removal of 
unwanted or misplaced copies of the transgene of interest. 
Included among these are U.S. PaL Nos. 5,527,695, 5,744, 
336, 5,910,415, and 6,110,736, the disclosures of which are 
incorporated herein by specific reference. The main thrust of 
the disclosures of these patents is the transformation of 
plants with transgenes imparting desirable phenotypic traits 
targeted to specific sites within the plant's genome, accom- 
panied by removal of extra or misplaced copies of the gene 
of interest This is accomplished, according to a method 
termed homologous recombination, by transformation of the 
plant with a transgene sequence that comprises DNA 
sequences homologous to the targeted sites. The transgene 
sequences also comprise recombinase/excision systems the 
inclusion of which are designed to result in the removal of 
random copies of the transgene of interest, including those 
that are inserted into the plant's genome at other than the 
desired, targeted sites. According to the disclosures of these 
patents, an homologous recombination event results in less 
than the full transgene sequence being inserted into a 
targeted site, whereas a random recombination event results 
in complete insertion. The difference between the sequences 
transformed into the plant is the presence of the excision 
sites for a specific recombinase. Thus, in theory, the random 
insertions are excised upon expression of the recombinase 
gene. However, the remaining transgene sequences, which 
may include selectable marker sequences such as those 
conferring antibiotic resistance, remain in the transformed 
plant's genome and are propagated in succeeding genera- 
tions. 

[0019] Other approaches, such as those disclosed in U.S. 
Pat. Nos. 4,959317 and 5,658,772, the disclosures of which 
are incorporated herein by specific reference, involve the use 
of recombinase/excision systems in the site-specific trans- 
formation of hybrid plant species. According to these dis- 
closures, a parental inbred line is transformed with a gene 
designed to render the parent male sterile. This inbred is then 
used as the female parent for creation of a hybrid species. 
However, due to the fact that the male sterile plant is 
heterozygous for the sterility gene that acts as a dominant 
trait, only 50% of the plants grown from the hybrid seed are 
fertile. Introduction of components of a recombinase/exci- 



sion system through the other inbred parent line allows for 
the restoration of male function in the plant with a resulting 
higher level of fertility in the next generation. In general, 
these patents disclose a system whereby components of a 
recombinase/excision system are introduced into a hybrid 
separately through parental inbred lines. In the resulting 
hybrid, the recombinase/excision system functions to 
remove a DNA sequence that blocks or represses a sequence 
imparting a desirable phenotypic trait to the plant line. 
However, this approach does little to address the concerns 
raised by further propagation of the transgenic phenotype, 
along with associated selectable marker genes, in succeed- 
ing generations of hybrid. 

[0020] In addition, other approaches have been reported 
that are designed to address some of the problems associated 
with GM plants discussed above. For example, Dale and 
Ow, in "Gene transfer with subsequent removal of the 
selection gene from the host genome/froc. Natl Acad. Sci. 
USA, 88: 10558-10562 (1991), have disclosed an approach 
based on the use of recombinase/excision systems to remove 
the selectable marker genes (such as those conferring anti- 
biotic resistance) after selection of successfully transformed 
plants. In general, the authors addressed a specific problem 
associated with selection of transforms in successive, step- 
wise transformation processes due to the lack of availability 
of suitable selection markers. In such a process, the presence 
of the selectable marker gene in transformed plants would 
make it impossible to select successfully transformed plants 
after successive transformation events. This is overcome by 
removal of the marker gene, via a recombinase/excision 
system under the control of a transiently active promoter, 
following selection and before the subsequent transforma- 
tion steps. However, the resulting transformed plants retain 
the transgene imparting a desired phenotypic trait with 
which the marker gene is associated. The authors also 
recognized the unintended positive consequence of the 
removal of antibiotic resistance genes due to concerns over 
continued exposure to such genes and their potential to lead 
to resistance to antibiotics used on humans. However, as 
would be fully appreciated by one of skill in the appropriate 
art, it is a relatively simple process to control the expression 
of a recombinase to remove only a marker gene following 
the selection process. It is a far more complex problem to 
precisely control the operation of a recombinase/excision 
system so as to remove essentially all transgenes and their 
expression products only after the transformed plant dis- 
plays the desired trait It is even more difficult to do so in a 
manner that restores both the wild-type genome and the 
ability for further propagation of the transformed species. 

[0021] Consequently, there remains a need for a system by 
which a transgene of interest can be introduced into a plant 
in order to confer a desirable phenotypic trait and, after 
display of that trait by the transformed plant, restore the 
plant to its fertile, wild-type state. 

SUMMARY OF THE INVENTION 

[0022] In a first embodiment, the present invention pro- 
vides a method for the creation of a transiently transgenic 
plant whereby a heterologous transgene temporarily con- 
veys a desirable phenotypic trait to the plant, the method 
comprising the steps of (a) constructing a gene cassette 
comprising (i.) one or more DNA sequences for a gene 
conferring a desirable phenotypic trait; (ii.) one or more 
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DNA sequences expressing a recombinase-type protein; 
(iii.) at least one pair of DNA excision sequences cleavable 
by the recombinase-type protein, wherein the excision 
sequences flank the heterologous DNA; and (iv.) a tran- 
siently activated promoter operably linked to the DNA 
sequence expressing the recombinase-type protein and con- 
trolling expression of the recombinase-type protein, wherein 
the promoter is activated, and thereby directs expression of 
the recombinase-type protein, in response to developmental 
or external stimuli; (b) introducing the cassette into the 
genome of the plant; and (c) exposing the DNA sequences 
within the cassette to a stimulus that activates the promoter, 
whereby the promoter directs expression of the recombi- 
nase-type protein, and the recombinase-type protein excises 
the heterologous DNA from the genome of the plant. 

[0023] Preferably, the gene cassette further comprises a 
DNA sequence for a marker gene. Also preferably, the 
transiently-active promoter is activated only in certain 
organs of the plant, only at specific stages in the plant's 
developmental cycle, or alternatively, in response to an 
external stimulus. An external stimulus may comprise, for 
example, exposure to a specific chemical species. Without 
limitation, and as would be recognized by one of ordinary 
skill in the appropriate art, the chemical stimulus may 
comprise exposure to ethanol, ecdysone, a glucocorticoid 
such as dexamethasone (DEX), antobiotics such as tetracy- 
cline, forms of estrogen such as estradiol, or heavy metals 
such as cadmium (Cd 2+ ) and copper (Cu 2+ ). Alternatively, 
the transiently-activated promoter of the method of the 
present invention may be activated in response to, or in 
combination with, other external stimuli such as heat shock, 
exposure to electromagnetic radiation, or exposure to 
reduced temperatures. In addition, the transiently-activated 
promoters may be activated in specific tissues of a plant or 
at certain specific periods in a plant's developmental cycle 
only when exposed to an external stimulus, such as those 
enumerated immediately above. 

[0024] In another embodiment, the present invention pro- 
vides a gene cassette for the reversible introduction of 
heterologous DNA sequences into a genome of a vegeta- 
tively propagated plant, the gene cassette comprising (a) a 
DNA sequence for one or more genes that express a recom- 
binase-type protein; (b) a DNA sequence for one or more 
transiently-active promoters operably linked to the one or 
more DNA sequences; (c) one or more pairs of DNA 
excision sequences, wherein the excision sequences are each 
cleavable by the recombinase-type protein; and (d) one or 
more heterologous DNA sequences capable of conferring a 
desirable phenotypic trait into the plant into which the 
cassette is introduced, wherein the one or more heterologous 
sequences are flanked by at least one of the pairs of excision 
sequences. Preferably, the one or more pairs of excision 
sequences are recognized only by the recombinase-type 
protein expressed by the recombinase gene of the cassette. 
Also, this embodiment of the present invention contemplates 
that the cassette may further comprise one or more select- 
able marker DNA sequences, such as the gene conferring 
resistance to the antibiotic kanamycin. 

[0025] In this embodiment, the disclosed invention pro- 
vides that the promoter sequence is activated only in 
response to internal stimuli or signals such as those provided 
in certain organs of the plant, or associated with specific 
stages in the plant's developmental cycle. Alternatively, the 



transiently-activated promoters of the gene cassette of the 
present invention may be activated in response to an external 
or environmental stimulus. Such an external stimulus may 
comprise, for example, exposure to a specific chemical 
species. Without limitation, and as would be recognized by 
one of skill in the appropriate art, the chemical stimulus may 
comprise exposure to ethanol, ecdysone, a glucocorticoid 
such as dexamethasone (DEX), antobiotics such as tetracy- 
cline, forms of estrogen such as estradiol, or heavy metals 
such as cadmium (Cd 2+ ) and copper (Cu 24 ). In addition, the 
transiently-activated promoter of the gene cassette of the 
present invention may be activated in response to, or in 
combination with, other external stimuli such as heat shock, 
exposure to electromagnetic radiation, or exposure to 
reduced temperatures. The present invention also provides a 
gene cassette where activation of the selectively-activated 
promoter is achieved only in response to external stimuli, 
and even then only in certain organs or tissues of the plant, 
some of which may exist only at specific stages in the plant's 
developmental cycle. 

[0026] Preferably, the gene sequence of the cassette 
expresses a protein of the type selected from the group 
consisting of recombinases, invertases, integrases, trans- 
posases and resotvases. More preferably, the sequence 
expresses a recombinase-type protein selected from the 
group consisting of FLP, Cre, R, Gin, PIV, C31, FimB, KW, 
SSV, IS111G7IS492, Par A, and TnpX. 

[0027] Furthermore, the gene cassette of the present 
invention comprises one or more promoter gene sequences 
selected from the group consisting of organ- or develop- 
mental stage-specific gene promoters selected from the 
group consisting of seed-, fruit-, pollen-, stem/shoot-, leaf-, 
root-specific gene promoters. Preferably, the one or more 
promoter gene sequences are selected from the group con- 
sisting of AG (SEQ. ID NO. 7), AGL5 (SEQ. ID NO. 6), 
Bcpl (SEQ. ID NO. 5), LAT52 (SEQ. ID NO. 8), PLENA, 
avrRpt2, and ale. 

[0028] In an alternative embodiment, the present invention 
provides a gene cassette for the reversible introduction of 
heterologous DNA sequences into a genome of a sexually 
propagated plant, the gene cassette comprising (a) a first 
DNA sequence comprising (i.) a sequence that expresses a 
first recombinase-type protein; (ii.) a sequence for an induc- 
ible promoter, operably linked to the sequence that expresses 
the first recombinase-type protein, wherein the promoter is 
capable of being activated in reaction to an external stimu- 
lus; (iii.) a sequence that expresses a transcription factor 
capable of regulating transcriptional activity of the sequence 
that expresses the first recombinase-type protein under con- 
trol of the sequence for the externally inducible promoter; 
and (iv.) one or more pairs of DNA excision site sequences 
wherein the excision sites are capable of being cleaved only 
by the first recombinase-type protein; (b) a second DNA 
sequence comprising (i.) a sequence capable of expressing a 
second recombinase-type protein; (ii.) a sequence for a 
transiently-active promoter capable of controlling expres- 
sion of the second recombinase-type protein; and (iii.) one 
or more heterologous DNA sequences capable of conferring 
a desirable phenotypic trait on the genome into which the 
cassette is introduced; and (c) one or more pairs of DNA 
excision site sequences wherein the excision sites are 
capable of being cleaved only by the second recombinase- 
type protein. 
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[0029] This embodiment of the present invention further 
contemplates that the first DNA sequence is capable of 
blocking the induction of expression of the second recom- 
binase-type protein by the transiently-active promoter. The 
gene cassette of the present embodiment further contem- 
plates that the second DNA sequence comprises (a) a 
sequence capable of expressing a third recombinase-type 
protein; (b) a sequence capable of expressing a protease 
protein; and (c) one or more pairs of DNA excision site 
sequences wherein the excision sites are capable of being 
cleaved only by the third recombinase-type protein, wherein 
the third recombinase-type protein is linked to the second 
recombinase-type protein through a specific amino acid 
sequence capable of being cleaved by the protease protein. 
Preferably, the protease protein is NIa (nuclear inclusion 
protein protease). The gene cassette also provides that the 
second DNA sequence further comprises a second promoter 
sequence operatively linked to the sequence that expresses 
the protease protein. Furthermore, the amino acid sequence 
linking the second recombinase-type protein to the third 
recombinase-type protein comprises the following amino 
acid sequence: V-R-T-Q-G-P-K-R. 

[0030] This embodiment provides that the second DNA 
sequence further comprises a marker gene sequence that, 
preferably, confers resistance to an antibiotic such as kana- 
mycin. It is also preferred that the transiently-active pro- 
moter sequence is activated only in certain organs of the 
plant or, alternatively, only at specific stages in the plant's 
developmental cycle. As a further alternative, the extemally- 
inducible promoter sequence is activated in response to an 
external or environmental stimulus. Such an external stimu- 
lus may comprise, for example, exposure to a specific 
chemical species. Without limitation, and as would be 
recognized by one of skill in the appropriate art, the chemi- 
cal stimulus may comprise exposure to ethane L, ecdysone, a 
glucocorticoid such as dexamethasone (DEX), antobiotics 
such as tetracycline, forms of estrogen such as estradiol, or 
heavy metals such as cadmium (Cd 2 *) and copper (Cu 2 *). 

[0031] In addition, the transiently-activated promoter of 
the gene cassette of the present invention may be activated 
in response to, or in combination with, other external stimuli 
such as osmotic stress, heat shock, exposure to electromag- 
netic radiation, or exposure to reduced temperatures. The 
present invention also provides a gene cassette where acti- 
vation of the selectively-activated promoter is achieved only 
in response to external stimuli, and even then only in certain 
organs or tissues of the plant, some of which may exist only 
at specific stages in the plant's developmental cycle. 

[0032] Preferably, the gene sequence of the cassette of this 
embodiment of the present invention expresses a protein of 
the type selected from the group consisting of recombinases, 
invertases, integrases, transposases and resolvases. More 
preferably, the sequence expresses a recombinase-type pro- 
tein selected from the group consisting of FLP, Cre, R, Gin, 
PIV, C31, FimB, KW, SSV, IS 1110/IS492, Par A, and TnpX. 

[0033] Furthermore, the gene cassette of the present 
invention comprises one or more promoter gene sequences 
selected from the group consisting of organ- or develop- 
mental stage-specific gene promoters selected from the 
group consisting of seed-, fruit-, pollen-, stem/shoot-, leaf-, 
root-specific gene promoters. Preferably, the one or more 



promoter gene sequences are selected from the group con- 
sisting of AG, AGL5, Bcpl, LAT52, PLENA, SIM, avrRpt2, 
and ale. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] FIG. 1, in two panels, FIGS. lAand IB, provides 
a schematic representation of a gene cassette of the present 
invention: 

[0035] FIG. 1A is a schematic representation of the 
various elements comprising a gene cassette for use 
with vegetatively propagated plants; 

[0036] FIG. IB is a schematic representation of the 
gene cassette described in Example 1. 

[0037] FIG. 2, in two panels, FIGS. 2A and 2B, provides 
a schematic representation of a gene cassette of the present 
invention: 

[0038] FIG. 2A is a schematic representation of the 
various elements comprising a gene cassette for use 
with vegetatively propagated plants; 

[0039] FIG. 2B is a schematic representation of the 
gene cassette described in Example 2. 

[0040] FIG. 3, in two panels, FIGS. 3A and 3B, provides 
a schematic representation of a gene cassette of the present 
invention: 

[0041] FIG. 3A is a schematic representation of the 
various elements comprising a gene cassette for use 
with sexually propagated plants; 

[0042] FIG. 3B is a schematic representation of the 
gene cassette described in Example 3. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0043] To date, as discussed above, a number of proce- 
dures have been disclosed for excision of a portion of 
transgene sequences from the genome of a transformed plant 
using DNA recombinase systems. However, it is technically 
much more challenging to excise essentially all transgenes 
from a transformed plant, including recombinase genes 
driving the excision process, only at the stage and generation 
when the functions of the transgenes are no longer needed. 
Using DNA recombination systems from microorganisms, 
we have developed gene cassettes for the controlled, auto- 
matic excision of all transgenes from transformed plants, 
either in specific organs (e.g., seeds, fruits and pollen), or at 
specific stages in the plant's developmental cycle. This 
excision occurs only after the transgenic functions are either 
no longer needed, or the continued presence of transgenes 
could cause concern. By doing so, potential negative effects 
of heterologous gene sequences can be significantly reduced 
or eliminated. In some cases, the excision of transgenes is 
under the direct control of an organ and/or developmental- 
stage gene promoter. In other cases, a cascade of events 
triggered by an external stimulus such as exposure to a 
chemical leads to excision of the heterologous gene mate- 
rial. To that end, plant-active gene promoter sequences have 
been carefully chosen to control expression of DNA recom- 
binase sequences. Also, two or more different DNA recom- 
bination systems have been engineered into a single cassette 
construct to ensure complete or near complete excision of 
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transgenes, and to rearrange the targeted DNA sequences 
within the gene cassette at a predetermined time so that 
temporal and spatial control of the activation of the excision 
mechanism is achieved. 

[0044] Therefore, in a first embodiment, the present inven- 
tion provides a method for the creation of a transiently 
transgenic plant whereby a heterologous transgene tempo- 
rarily conveys a desirable phenotypic trait to the plant, the 
method comprising the steps of (a) constructing a gene 
cassette comprising (i.) one or more DNA sequences for a 
gene conferring a desirable phenotypic trait; (ii.) one or 
more DNA sequences expressing a recombinase-type pro- 
tein; (iii.) at least one pair of DNA excision sequences 
cleavable by the recombinase-type protein, wherein the 
excision sequences flank the heterologous DNA; and (iv.) a 
transiently activated promoter operably linked to the DNA 
sequence expressing the recombinase-type protein and con- 
trolling expression of the recombinase-type protein, wherein 
the promoter is activated, and thereby directs expression of 
the recombinase-type protein, in response to developmental 
or external stimuli; (b) introducing the cassette into the 
genome of the plant; and (c) exposing the DNA sequences 
within the cassette to a stimulus that activates the promoter, 
whereby the promoter directs expression of the recombi- 
nase-type protein, and the recombinase-type protein excises 
the heterologous DNA from the genome of the plant. 

[0045] The creation of a transformed cell requires that 
exogenous DNA be physically placed within the host cell. 
Current transformation procedures utilize a variety of tech- 
niques to introduce DNA into a cell. In one form of 
transformation, the DNA is microinjected directly into cells 
through the use of micropipettcs. Alternatively, high velocity 
ballistics can be used to propel small DNA associated 
particles into the cell. In another form, the cell is perme- 
ablized by the presence of polyethylene glycol, thus allow- 
ing DNA to enter the cell through diffusion. DNA can also 
be introduced into a cell by fusing protoplasts with other 
entities which contain DNA. These entities include mini- 
cells, cells, lysosomes or other fusible lipid-surfaced bodies. 
Electroporation is also an accepted method for introducing 
DNA into a cell. In this technique, cells are subject to 
electrical impulses of high field strength that reversibly 
permeablize biomembranes, allowing the entry of exog- 
enous DNA sequences. 

[0046] In addition to these "direct" transformation tech- 
niques, transformation can be performed via bacterial infec- 
tion using Agrobacterium tumefaciens or Agrobacterium 
rhizogenes. These bacterial strains contain a plasmid 
(referred to as Ti or Ri, respectively) that is transmitted into 
plant cells after infection by Agrobacterium. One portion of 
the plasmid, named transferred DNA (T-DNA), is then 
integrated into the genomic DNA of the plant cell. Agro- 
bacterium-mediated transformation works best with dicoty- 
ledonous diploid plant cells whereas the direct transforma- 
tion techniques work with virtually any cell. Direct 
transformation techniques can also be used to transform 
haploid cells obtained from immature inflorescences of 
plants. As would be recognized by one of ordinary skill in 
the relevant art, these techniques have been extensively 
described in the literature and can be adapted to introduce 
foreign genes and other DNA sequences into plant cells. As 
technology for genetic manipulation continues to develop, 
transformation events that formerly required a considerable 



level of skill, experience and training to accomplish on a 
predictable basis have become nearly routine. Indeed, the 
laboratory manipulations necessary to achieve such trans- 
formations, although once the basis of Nobel prize level 
research, are now the subject of undergraduate biology 
teaching laboratory exercises. One of ordinary skill in the art 
may consult, guided by the disclosure contained herein, 
routinely available reference sources for all of the proce- 
dural detail necessary to accomplish the cassette construc- 
tion and transformations needed in the practice of the 
present invention. For example, reference may be had to 
Mania tis et al., Molecular Cloning: A Laboratory Manual, 
Cold Springs Harbor Laboratory, New York: 1982, for 
details of culturing bacteria, preparing and manipulating 
DNA sequences. Materials needed for these procedures, 
such as reagents, buffer solutions, culture media, restriction 
endonucleases, and the like are readily available from a 
number of commercial sources such as New England 
Biolabs, Inc., of Beverly, Mass. [http://wwwjaeb.com/], 
Roche Diagnostics [http://www.roche.com/diagnostics/], or 
other major commercial suppliers accessible via conven- 
tional marketing channels, including the Internet. 

[0047] Of the available plant transformation techniques 
well-known to workers in the art, any technique that is 
suitable for the target plant species can be employed in the 
practice of the present invention. For example, the 
sequences can be introduced in a variety of forms, such as 
a strand of DNA, in a plasmid, or in an artificial chromo- 
some, to name a few. The introduction of the sequences into 
the target plant cells can be accomplished by a variety of 
techniques, such as those described above. Those of ordi- 
nary skill in the art can refer to literature sources such as 
those mentioned above for details, and select suitable tech- 
niques and materials without undue experimentation. 

[0048] A gene that results in an altered plant phenotype is 
any gene whose expression leads to the plant exhibiting a 
trait or traits that would distinguish it from a plant of the 
same species not expressing the gene. Examples of such 
altered phenotypes include a different growth habit, altered 
flower or fruit color or quality, premature or late flowering, 
increased or decreased yield, sterility, mortality, disease 
susceptibility, altered production of secondary metabolites, 
or an altered crop quality such as taste or appearance. In the 
cassette used in the practice of the present invention, a gene 
and a promoter are considered to be operably linked if they 
are on the same strand of DNA, in the same orientation, and 
are located relative to one another such that the promoter 
directs transcription of the gene. The presence of intervening 
DNA sequences between the promoter and the gene does not 
preclude an operable relationship. 

[0049] Essential to the functioning of the cassettes of the 
present invention are site-specific recombinase systems. 
Such systems generally comprise three separate elements: 
two pairs of DNA sequences (the site-specific recombination 
sequences) and a specific enzyme (the site-specific recom- 
binase). The site-specific recombinase will catalyze a 
recombination reaction only between two site-specific 
recombination sequences. The recombinase/excision 
sequence systems used in the practice of the present inven- 
tion can be any one that selectively removes DNA in a plant 
genome under appropriate control. The target excision 
sequences are preferably unique in the plant, so that unin- 
tended cleavage of the plant genome does not occur. Several 
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examples of such systems are discussed in U.S. Pat. No. 
4,959,317, discussed above. As would be appreciated by one 
of ordinary skill in the appropriate art, other recombinase/ 
excision systems would have utility in the practice of the 
present invention. 

[0050] For illustrative purposes, and without limit to the 
scope of practice of the claimed invention, such systems 
include the Cre/loxP system ("Cre" — causes recombination; 
"loxF* — locus of crossing over) of bacteriophage PI, the 
FLP/FRT system ("FRT" — FLP recognition target) of yeast, 
the Gin recombinase of phage Mu, the Pin recombinase of 
E. coli, and the R/RS system of the pSRl plasmid. The two 
preferred site specific recombinase systems are the bacte- 
riophage PI Cre/lox and the yeast FLP/FRT systems. For 
example, the ere gene (SEQ. ID NO. 2) encodes the Cre 
recombinase that recognizes its site-specific recombination 
sequence, loxP (SEQ. ID NO, 1) to invert or excise the 
intervening sequences. Similarly, the flp gene (SEQ. ID NO. 
4) encodes the FLP recombinase that recognizes its own 
site-specific recombination sequence, FRT (SEQ. ID NO. 3). 
The recognition sequences for each of these two systems are 
relatively short (34 base pairs (bp) for loxP (SEQ. ID NO. 
1) and 47 bp for FRT (SEQ. ID NO. 3). 

[0051] By way of illustration, the 34-bp loxP site, con- 
sisting of two 13-bp inverted repeats separated by an 8-bp 
asymmetric spacer region, is recognized by the 38 kDa Cre 
recombinase protein. These two elements interact to affect 
DNA recombination in vitro, resulting in excision, inver- 
sion, or insertion of DNA depending on the location and 
orientation of the loxP sites. Since the loxP site is an 
asymmetrical nucleotide sequence, two loxP sites on the 
same DNA molecule can have the same or opposite orien- 
tations with respect to each other. Recombinations between 
lox sites in the same orientation result in deletion of the 
DNA segment located between the two lox sites and a 
connection between the resulting ends of the original DNA 
molecule. As much as 200 kilobases can be removed 
between two loxP sites. The original DNA molecule and the 
resulting circular molecule comprising the excised sequence 
each contain a single loxP site. Recombination between lox 
sites in opposite orientations on the same DNA molecule 
result in an inversion of the nucleotide sequence of the DNA 
segment located between the two loxP sites. In addition, 
reciprocal exchange of DNA segments proximate to loxP 
sites located on two different DNA molecules can occur. All 
of these recombination events are catalyzed by the 38 kDa 
Cre protein. 

[0052] The FLP/FRT system of yeast is also particularly 
preferred because it normally functions in a eukaryotic 
organism (yeast), and is well characterized. It is believed 
that the eukaryotic origin of the FLP/FRT system allows the 
FLP/FRT system to function more efficiently in eukaryotic 
cells than the prokaryotic site-specific recombinase systems. 

[0053] The RS/R system is another site-specific recombi- 
nation system from Z. roivdi Similar to Cre and FLP, the r 
gene (SEQ. ID NO. 10) encodes the R protease that cata- 
lyzes excision of the DNA sequences that are flanked by two 
RS sites (SEQ. ID NO. 9). The RS/R system has been shown 
to be effective to remove antibiotic resistance genes from 
transgenic plants or delete blocking DNA sequences within 
functional genes in higher plants. 

[0054] According to the practice of the present invention, 
essentially all heterologous DNA sequences can be excised 



from the genomes of the transformed plants and their 
products (mRNA and proteins), present in specific organs at 
a specific developmental stage. Based on knowledge of the 
average life span of RNA's and proteins in the cell, it is 
expected that transgene products should be completely 
depleted several days after deletion of the transgenes from 
the host genome. Thus, if transgenes are excised from the 
host genome in response to an appropriate stimulus several 
days prior to harvesting or marketing, potential negative 
effects of the transgenes can be reduced or eliminated. This 
technology will lead to a fully functional nontransgenic (or 
wild-type) yield from transgenic plants. The progeny of such 
plants will also be essentially free of the transgene 
sequences originally present in the preceding generation of 
plant. This technology will help to reduce potential health 
implications of transgenic food, to eliminate undesirable 
spread of transgenes to the environment because pollen and 
seeds produced from transgenic plants are non-transgenic, 
and to protect proprietary rights inherent in the transgenic 
technology. 

[0055] With some minor modifications of the gene cas- 
settes, the proposed technology can be used to remove 
transgenes from any specific organ or whole plant or at any 
desirable developmental stage once appropriate gene pro- 
moters are used to control the recombinase gene expression. 
For instance, if a potato tuber specific gene promoter is used, 
non-transgenic potato rubers can be produced from trans- 
genic plants that are either resistant to insects or diseases or 
have improved photosynthetic activity. When a low tem- 
perature -inducible gene promoter is used, gene excision will 
occur when plants are at low temperatures, which can be 
useful for green vegetables and fresh fruits because they are 
often stored and transported at reduced temperatures. If the 
trait gene is for enhancement of concentrations of an essen- 
tial amino acid in seeds, a mid-and late-stage active, seed- 
specific gene promoter should be used to control expression 
of the recombinase genes. 

[0056] The gene excision cassettes of the present inven- 
tion automatically excise heterologous DNA sequences from 
the genome of a host plant when the transgene 's functions 
are no longer needed, or when their continued presence may 
give rise to concerns over potential side effects. As a 
consequence, practice of the present invention will make it 
possible to produce non-transgenic food products from 
transgenic plants; to potentially expand the current market 
for transgenic plants and crops by overcoming the ban in 
Europe on GM foods; to allow further penetration by 
transgenic species into appropriate markets around the 
world; to eliminate uncontrolled proliferation of transgenic 
species through out-crossing of wild-type counterparts; and 
to protect proprietary rights to inherent technology. Most 
importantly, all this can be attained while preserving the 
viability of seed produced by the genetically modified plants 
so that farmers can retain a portion of their seed crop for later 
re-planting. This is in direct contrast to the effects of use of 
"terminator" technology as developed by Delta and Pine 
Land Company, discussed above. 

[0057] The economic potential of the present invention is 
significant because it can reduce or eliminate the negative 
environmental and health implications associated with GM 
plants, and should obviate the reasons for public concern 
over transgenic technology. It is anticipated that this will 
make possible not only continued use and expanded use of 
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existing transgenics in the traditional agricultural industry, 
but also clear the way for a plethora of new applications in 
biochemical, fermentation and pharmaceutical industries 
because of low-cost productions of proteins and enzymes 
using transgenic plants as bioreactors. 

[0058] Preferably, the gene cassettes used in the practice 
of the methods of the present invention further comprises a 
DNA sequence for a marker gene. Also preferably, the 
transiently-active promoter is activated only in certain 
organs of the plant, only at specific stages in the plant's 
developmental cycle, or alternatively, in response to an 
external stimulus. An external stimulus may comprise, for 
example, exposure to a specific chemical species. Without 
limitation, and as would be recognized by one of ordinary 
skill in the appropriate art, the chemical stimulus may 
comprise exposure to ethanol, ecdysone, a glucocorticoid 
such as dexamethasone (DEX), antobiotics such as tetracy- 
cline, forms of estrogen such as estradiol, or heavy metals 
such as cadmium (Cd 2+ ) and copper (Cu 2+ ). Alternatively, 
the transiently-activated promoter of the method of the 
present invention may be activated in response to, or in 
combination with, other external stimuli such as heat shock, 
exposure to electromagnetic radiation, or exposure to 
reduced temperatures. In addition, the transiently-activated 
promoters may be activated in specific tissues of a plant or 
at certain specific periods in a plant's developmental cycle 
only when exposed to an external stimulus, such as those 
enumerated immediately above. 

[0059] Transformed cells (those containing heterologous 
DNA inserted into the host cell's DNA) can be selected from 
un transformed cells if a selectable marker was included as 
part of the introduced DNA sequences. Selectable markers 
include genes that provide antibiotic resistance or herbicide 
resistance. Cells containing these genes are capable of 
surviving in the presence of antibiotic or herbicide concen- 
trations that kill untransformed cells. Examples of selectable 
markers include the bar gene which provides resistance to 
the herbicide Basta, the nptll gene which confers kanamycin 
resistance and the hpt gene which confers hygromycin 
resistance. The potentially undesirable effects of the inclu- 
sion of such marker genes in transformed plants is addressed 
at length above. 

[0060] The controlled expression of transgenic DNA 
sequences is accomplished through the use of constructs 
comprising regulatory elements. Various gene expression 
control elements, or regulatory sequences, that are operable 
in one or more species of organisms are well known in the 
art. A regulatory sequence, in general, refers to a nucleotide 
sequence located proximate to a gene whose transcription is 
controlled by the regulatory nucleotide sequence in conjunc- 
tion with the gene expression apparatus of the cell. The 
regulatory nucleotide sequence normally is located 5 1 to the 
gene. The expression "nucleotide sequence" refers to a 
polymer of DNA or RNA, which can be single- or double- 
stranded, optionally containing synthetic, non-natural, or 
altered nucleotides capable of incorporation into DNA or 
RNA polymers. A regulatory sequence can include a pro- 
moter region, as that term is conventionally employed by 
those skilled in the art. A promoter region can include an 
association region recognized by an RNA polymerase, one 
or more regions which control the effectiveness of transcrip- 
tion initiation in response to physiological conditions, and a 
transcription sequence. 



[0061] In general, regulatory elements can be operably 
linked to any gene to control the gene's expression, the 
entire unit being referred to as the "expression cassette." An 
expression cassette will typically contain, in addition to the 
coding sequence, a promoter region, a translation initiation 
site and a translation termination sequence. Unique endo- 
nuclease restriction sites may also be included at the ends of 
an expression cassette to allow the cassette to be easily 
inserted or removed when creating DNA constructs. In the 
practice of the present invention, the gene cassettes contain 
specific excision sequences recognized solely by the recom- 
binase proteins expressed by recombinase DNA sequences 
contained within the cassette in order to direct excision of 
the heterologous DNA within the cassette. 

[0062] Although a preferred embodiment of the present 
invention contemplates the use of a gene cassette prepared 
from a single construct that is then transformed into the plant 
of choice, those of skill in the appropriate art will recognize 
that technology exists today that would permit the step-wise 
transformation of a target plant to effectively build in vivo 
a gene cassette of the present invention. As discussed above, 
U.S. Pat. Nos. 5,527,695, 5,744,336, 5,910,415, and 6,110, 
736 disclose a method for the site-specific transformation of 
plants. Using this or similar technology, a skilled practitio- 
ner, based upon the guidance provided in the instant disclo- 
sure, could transform a target plant with a construct bound 
by a suitable pair of recombinase excision recognition sites. 
This construct may or may not further comprise transgenes 
of interest, depending on how many steps in the step-wise 
transformation are utilized. Successive homologous trans- 
formation events will then build a construct within the 
transformed genome comprising the necessary sequence 
elements as disclosed and described herein. As for the 
functioning of the present invention, it is immaterial whether 
the cassettes are constructed in one piece before transfor- 
mation of the plant, or are assembled in vivo through such 
a step-wise transformation procedure. 

[0063] In an alternative embodiment, the present invention 
provides a gene cassette for the reversible introduction of 
heterologous DNA sequences into a genome of a vegeta- 
tively propagated plant, the gene cassette comprising (a) a 
DNA sequence for one or more genes that express a recom- 
binase -type protein; (b) a DNA sequence for one or more 
transiently-active promoters operably linked to the one or 
more DNA sequences; (c) one or more pairs of DNA 
excision sequences, wherein the excision sequences are each 
cleavable by the recombinase-type protein; and (d) one or 
more heterologous DNA sequences capable of conferring a 
desirable phenotypic trait into the plant into which the 
cassette is introduced, wherein the one or more heterologous 
sequences are flanked by at least one of the pairs of excision 
sequences. Preferably, the one or more pairs of excision 
sequences are recognized only by the recombinase-type 
protein expressed by the recombinase gene of the cassette. 
Also, this embodiment of the present invention contemplates 
that the cassette may further comprise one or more select- 
able marker DNA sequences, such as the gene conferring 
resistance to the antibiotic kanamycin. 

[0064] Turning to FIG. 1A, there is provided, in schematic 
form, the general structural elements of an exemplary cas- 
sette of the present invention. In FIG. 1A, reading from left 
to right, XS^ refers to the first of a pair of excision recog- 
nition sites specific to a given recombinase protein. In a 
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similar manner, the element XS 2 refers to the first of a pair 
of second, different excision recognition sites specific to a 
second, different, recombinase protein. Pro-1 refers to a first 
transiently active promoter sequence; R a refers to a gene 
sequence expressing a first recombinase protein. The com- 
bined element Pro-l/R 1 is a fusion of the sequences for the 
promoter and the recombinase gene. In a similar fashion, 
Pro-2 and 11% refer to sequences for a second transiently- 
active promoter and a gene expressing a second recombinase 
protein, respectively. Likewise, the combined element Pro- 
is a fusion of the sequences for the second promoter and 
second recombinase gene. TG refers to a trait gene whose 
presence in the transformed plant confers a desirable p he- 
no typic trait onto the plant. MG is a marker gene used to 
select those cells successfully transformed with the heter- 
ologous DNA construct of the present invention. Finally, the 
last two elements of the cassette, XS A and XS 2 , are the 
second occurrences of the two different excision recognition 
site sequences that must flank the heterologous gene 
sequences to insure excision of the cassette upon activation 
and expression of the recombinase genes. 

[0065] Referring to FIG. 2 A, there is provided a sche- 
matic for the general elements of an alternative embodiment 
of the gene cassettes of the present invention. Consistent 
with conventions employed in FIG. 1A, Pro-3 and Pro -4 
refer to third and fourth different promoter sequences whose 
presence in the construct is to regulate expression of the 
genes expressing the recombinase proteins. 

[0066] In this embodiment, the disclosed invention pro- 
vides that the promoter sequence is activated only in 
response to internal stimuli or signals such as those provided 
in certain organs of the plant, or associated with specific 
stages in the plant's developmental cycle. Alternatively, the 
transiently-activated promoters of the gene cassette of the 
present invention may be activated in response to an external 
or environmental stimulus. Such an external stimulus may 
comprise, for example, exposure to a specific chemical 
species. Without limitation, and as would be recognized by 
one of skill in the appropriate art, the chemical stimulus may 
comprise exposure to ethanol, ecdysone, a glucocorticoid 
such as dexamethasone (DEX), antobiotics such as tetracy- 
cline, forms of estrogen such as estradiol, or heavy metals 
such as cadmium (Cd 2+ ) and copper (Cu 2+ ). In addition, the 
transiently-activated promoter of the gene cassette of the 
present invention may be activated in response to, or in 
combination with, other external stimuli such as heat shock, 
exposure to electromagnetic radiation, or exposure to 
reduced temperatures. The present invention also provides a 
gene cassette where activation of the selectively-activated 
promoter is achieved only in response to external stimuli, 
and even then only in certain organs or tissues of the plant, 
some of which may exist only at specific stages in the plant's 
developmental cycle. 

[0067] One of skill in the appropriate art would readily 
recognize that a number of specific examples of externally 
inducible promoter systems are available for use on the 
practice of the present invention. Provided with the guidance 
of the instant disclosure and readily available information 
such as that found in the appropriate technical literature, any 
number of externally inducible systems could be utilized in 
the present invention. By way of example, and without 
limitation to the scope of the claimed invention, these 
promoter systems would include the following: 



[0068] glucocorticoid inducible promoter: comprises 
a promoter derived from pathogenic strains of 
Pseudomonas syringae pv. tomato carrying the avr- 
Rpt2 avirulence gene (McNellis, T. W., et al., "Glu- 
cocorticoid-inducible expression of a bacterial aviru- 
lence gene in transgenic Arabidopsis induces 
hypersensitive cell death "Plant Journal 14: 247-257 
(1998); Kang, H. G., et al., "A glucocorticoid-induc- 
ible transcription system causes severe growth 
defects in Arabidopsis and induces defense-related 
genzs,"Plant Journal 20: 127-133 (1999); Aoyama, 
X and Chua, N. H., "A gjucocorticoid-mediated 
transcriptional induction system in transgenic plants, 
"Plant J. 11:605-12 (1997)); 

[0069] tetracycline-inducible promoter: rolC activity 
(from Agrobacterium rhizogenes) on endogenous 
cytokinin conjugates demonstrated that transcription 
and expression of the gene was under the control of 
a tetracycline-inducible promoter (Faiss, M., et al., 
"Chemically induced expression of the roIC-en- 
coded beta-glucosidase in transgenic tobacco plants 
and analysis of cytokinin metabolism: rolC does not 
hydrolyze endogenous cytokinin glucosides in plan- 
X^PlantJ, 10: 33-46 (1996); Gatz, C. et al, "Strin- 
gent repression and homogeneous de-repression by 
tetracycline of a modified CaMV 35S promoter in 
intact transgenic tobacco plantsfPlant J. 2: 397-404 
(1992); Faryar, K. and Gatz, C, "Construction of a 
Tetracycline-inducible promoter in Schizosaccharo- 
myces pombe,"Ciu7: Genet. 21: 345-349 (1992)); 

[0070] estrogen-inducible promoter gene expression 
in cells of Black Mexican Sweet (BMS) maize 
inbred demonstrated under control of promoter com- 
prising multiple repeats of an estrogen receptor bind- 
ing site (Bruce, W., et al., "Expression profiling of 
the maize flavonoid pathway genes controlled by 
estradiol-inducible transcription factors CRC and 
V" Plant— Cell. 12: 65-79 (2000)); 

[0071] heavy metal- inducible promoters: 35S CaMV- 
derived promoter demonstrated to control expression 
of beta-glucoronidase in tobacco in presence of Cd 2 *" 
(Brandle, J. E., et al, "Field performance and heavy 
metal concentrations of transgenic flue-cured 
tobacco expressing a m ammali an metaUothionein- 
beta-ghicuronidase gene fusion "Genome 36: 255- 
260 (1993)); regulation mechanism from yeast met- 
allothionein (MT) gene derived from 35S CaMV 
promoter controls expression of beta-glucoronidase 
(GUS) reporter gene in transgenic plants in response 
to exposure to Cu 2 ^ (Mett, V. L., et al., "Copper- 
controllable gene expression system for whole 
plants/'Prwc Natl Acad Sci U S A 90: 4567-71 (1 
993)); 

[0072] gosmotic stress-inducible: gene expression in 
soybean plant demonstrated to be under control of 
inducible heat shock promoter (MSP) responsive to 
mannitol stress (De Ronde, J. A, et al., "Effect of 
antisense L-deltal-pyrroline-5-carboxylate reduc- 
tase transgenic soybean plants subjected to osmotic 
and drought stress/'P/a/z/ Growth Regul32: 13-26 
(2000)); 

[0073] low temperature-inducible promoter corl5a 
gene of Arabidopsis thaliana demonstrated to be 
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under the control of cold inducible promoter located 
in 5* region between -305 and +78 (Dordrecht, "The 
5'-region of Arabidopsis thaliana corlSa has ex- 
acting elements that confer cold-, drought- and 
ABA-regulated gene expression^Zaflr MoL BioL 
24: 701-713 (1994)). 

[0074] A number of other external stress-induced promot- 
ers have been reported in the literature. Consistent with the 
practice of the present invention, one of skill in the appro- 
priate art, based upon knowledge imputed thereto and the 
specific disclosures of the present application, would be able 
to construct appropriate gene cassettes comprising a variety 
of extemally-inducible regulatory elements to achieve the 
desired ends of the present invention. 

[0075] Preferably, the gene sequence of the cassette 
expresses a protein of the type selected from the group 
consisting of recombinases, invertases, integrases, trans- 
posases and resolvases. More preferably, the sequence 
expresses a recombinase-type protein selected from the 
group consisting of FLP, Cre, R, Gin, PIV, C31, FimB, KW, 
SSV, IS1110/IS492, Par A, TnpX, and others as discussed 
above. 

[0076] Furthermore, the gene cassette of the present 
invention comprises one or more promoter gene sequences 
selected from the group consisting of organ- or develop- 
mental stage-specific gene promoters selected from the 
group consisting of seed-, fruit-, pollen-, stem/shoot-, leaf-, 
root-specific gene promoters. Preferably, the one or more 
promoter gene sequences are selected from the group con- 
sisting of AG, AGL5, Bcpl, LAT52, PLENA, SIM, avrRpt2, 
ale and others discussed- above. 

[0077] The expression of a gene is primarily directed by 
its own promoter, although other DNA regulatory elements 
are necessary for efficient expression of a gene product. 
Promoter sequence elements include the TATA box consen- 
sus sequence (TATAAT), which is usually 20 to 30 base pairs 
(bp) upstream of the transcription start site. In most 
instances the TATA box is required for accurate transcription 
initiation. By convention, the transcription start site is des- 
ignated +1. Sequences extending in the 5 f (upstream) direc- 
tion are given negative numbers and sequences extending in 
the 3' (downstream) direction are given positive numbers. 

[0078] Promoters can be either constitutive or inducible. A 
constitutive promoter controls transcriptions of a gene at a 
constant rate during the life of a cell, whereas an inducible 
promoter's activity fluctuates as determined by the presence 
(or absence) of a specific inducer. The regulatory elements 
of an inducible promoter are usually located further 
upstream of the transcriptional start site that the TAIA box. 
Ideally, for experimental purposes, an inducible promoter 
should possess each of the following properties: a low to 
nonexistent basal level of expression in the absence of 
inducer, a high level of expression in the presence of 
inducer, and an induction scheme that does not otherwise 
alter the physiology of the cell. 

[0079] Among the promoter sequences available for use in 
the cassettes of the present invention, the following are 
provided by way of example only, and not to limit in any 
way the scope of the claimed invention. These include the 
AG (AGAMOUS) gene promoter, which is active specifi- 
cally in the floral meristem that gives rise to stamens and 



carpels, and continues to be active in stamens and carpels 
until after fertilization. The AGL5 ("AGL5"— AGAMOUS- 
like, No. 5) promoter becomes active in all cell types of 
carpel primordia including ovule primordia and mature 
ovules. The promoters of PLENA of snapdragon and SLIM 
of white campion are specifically active in the floral mer- 
istem that gives rise to stamens and carpels, and in devel- 
oping carpels and stamens, similar to the AG gene promoter. 
The Bcpl gene promoter cloned from Brassica is specifi- 
cally active in anther with high activities in both the haploid 
pollen and diploid tapetum. The LAT52 gene promoter is 
isolated from tomato plants. LAT52 is specifically active in 
pollen and anthers with no activity in other floral organs or 
non-reproductive tissues. 

[0080] In addition to promoters that are active only in 
specific organs or tissues of plants, there are other promoters 
that are active in response to external stimuli, as indicated 
above. For example, CT/Cl is an artificial chemically- 
inducible system that contains two transcription units. The 
first unit employs a constitutive promoter (e.g., 35S CaMV, 
from the cauliflower mosaic virus) to express a chemical- 
responsive transcription factor, whereas the second unit 
comprises multiple copies of transcription factor binding 
sites linked to a minimal plant promoter (e.g., a truncated 
35S CAMV promoter). The second unit is used to express 
the target gene. In the case of the ecdysone-inducible 
system, the transcription factor contains the DNA binding 
domain of a glucocorticoid receptor and the ecdysone regu- 
latory domain of the Heliothis virescens ecdysone receptor. 
It has been shown that, in transgenic plants, an ecdysone 
agonist can induce the expression of a target gene over 
400-fold. The system is highly responsive to RH5992, a 
non-steroidal ecdysone agonist that lacks phyto toxicity and 
is currently used as lepidopteran control agent on a wide 
range of crops. In the case of ethanol-inducible system, the 
intact Aspergillus nidulans AlcR activator has been used to 
control expression of the target gene in plants. With the 
ethanol inducible system, high levels of target gene expres- 
sion in transgenic plants have been observed upon ethanol 
induction. Pending development of non-volatile inducers, 
the ethanol-inducible system appears to be an ideal system 
for field applications. 

[0081] In another embodiment, the present invention pro- 
vides a gene cassette for the reversible introduction of 
heterologous DNA sequences into a genome of a sexually 
propagated plant, the gene cassette comprising (a) a first 
DNA sequence comprising (i.) a sequence that expresses a 
first recombinase-type protein; (ii.) a sequence for an induc- 
ible promoter, operably linked to the sequence that expresses 
the first recombinase-type protein, wherein the promoter is 
capable of being activated in reaction to an external stimu- 
lus; (iii.) a sequence that expresses a transcription factor 
capable of regulating transcriptional activity of the sequence 
that expresses the first recombinase-type protein under con- 
trol of the sequence for the externally inducible promoter; 
and (iv.) one or more pairs of DNA excision site sequences 
wherein the excision sites are capable of being cleaved only 
by the first recombinase-type protein; (b) a second DNA 
sequence comprising (i.) a sequence capable of expressing a 
second recombinase-type protein; (ii.) a sequence for a 
transiently-active promoter capable of controlling expres- 
sion of the second recombinase-type protein; and (iii.) one 
or more heterologous DNA sequences capable of conferring 
a desirable phenotypic trait on the genome into which the 
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cassette is introduced; and (c) one or more pairs of DNA 
excision site sequences wherein the excision sites are 
capable of being cleaved only by the second recombinase- 
type protein. 

[0082] Referring now to FIG. 3A, there is provided, in 
schematic form, the general structural elements of an exem- 
plary cassette of this embodiment of the present invention, 
in FIG- 3A, consistent with the conventions employed with 
FIGS. 1A and 2A, XS 1 refers to the first of a pair of excision 
recognition sites specific to a given recombinase protein. In 
a similar manner, the element XS 2 refers to the first of a pair 
of second, different excision recognition sites specific to a 
second, different, recombinase protein. The element XS 3 
refers to the first of a pair of third, different excision 
recognition sites specific to a third, different, recombinase 
protein. Pro-1 refers to a first transiently active promoter 
sequence. 1^ refers to a transiently-active promoter 
sequence whose activity is inducible in response to external 
stimuli; R 2 refers to a gene sequence expressing a first 
recombinase protein. The combined element I Pro /R 1 is a 
fusion of the sequences for the inducible promoter and the 
first recombinase gene. TF refers to a transcription factor, 
itself normally comprising a constitutively active promoter 
such as the 35S CaMV promoter, that serves to regulate 
functioning of the inducible promoter. Only in the presence 
of both the transcription factor and the inducible promoter 
will the first recombinase gene express the first recombinase 
protein. R2 and R s refer to second and third sequences for 
different recombinase genes. The combined element R 2 /R 3 
is a fusion of the DNA sequences for the second and third 
recombinase genes. G A and G B refer to first and second gene 
sequences where the genes may confer a desirable pheno- 
typic trait onto the plant into which the cassette of the 
present invention is transformed, or may be selectable 
marker genes. G Prot refers to a gene sequence for a protease 
protein that is capable of recognizing a specific amino acid 
sequence. Upon activation and expression of the protease 
gene, the resulting protease protein will cleave a specific site 
within an amino acid sequence. In this embodiment of the 
present invention, the combined element R^/R s encodes a 
polypeptide with individual elements linked by an amino 
acid sequence recognizable by the protease protein encoded 
by the protease gene of the cassette. Upon cleavage of the 
recognition sequence linking the R 2 and R 3 polypeptide 
elements, active forms of the separate recombinase proteins 
result. These, in turn, function to excise the sequence 
between their respective excision recognition sites. Finally, 
XS 3 and XS a refer to* the second members of the pairs of 
different recombinase recognition sequence sites. 

[0083] This embodiment of the present invention further 
contemplates that the first DNA sequence is capable of 
blocking the induction of expression of the second recom- 
binase-type protein by the transiently-active promoter. The 
gene cassette of the present embodiment further contem- 
plates that the second DNA sequence comprises (a) a 
sequence capable of expressing a third recombinase-type 
protein; (b) a sequence capable of expressing a protease 
protein; and (c) one or more pairs of DNA excision site 
sequences wherein the excision sites are capable of being 
cleaved only by the third recombinase-type protein, wherein 
the third recombinase-type protein is linked to the second 
recombinase-type protein through a specific amino acid 
sequence capable of being cleaved by the protease protein. 
Preferably, the protease protein is NIa. The gene cassette 



also provides that the second DNA sequence further com- 
prises a second promoter sequence operatively linked to the 
sequence that expresses the protease protein. Furthermore, 
the amino acid sequence linking the second recombinase- 
type protein to the third recombinase-type protein comprises 
the following amino acid sequence: V-R-T-Q-G-P-K-R. 

[0084] Nla is a site-specific recognition and cleavage 
protease. NIa recognizes V-R-T-Q/G-P-K-R sequence and 
cleaves at the Q/G position. NIa has been successfully used 
to produce three gene products using a single gene promoter 
in higher plants. 

[0085] This embodiment provides that the second DNA 
sequence further comprises a marker gene sequence that, 
preferably, confers resistance to an antibiotic such as kana- 
mycin. It is also preferred that the transiently-active pro- 
moter sequence is activated only in certain organs of the 
plant or, alternatively, only at specific stages in the plant's 
developmental cycle. As a further alternative, the externally- 
inducible promoter sequence is activated in response to an 
external or environmental stimulus. Such an external stimu- 
lus may comprise, for example, exposure to a specific 
chemical species. Without limitation, and as would be 
recognized by one of skill in the appropriate art, the chemi- 
cal stimulus may comprise exposure to ethanol, ecdysone, a 
glucocorticoid such as dexamethasone (DEX), antobiotics 
such as tetracycline, forms of estrogen such as estradiol, or 
heavy metals such as cadmium (Cd 2 ^) and copper (Cu 2 *) 

[0086] In addition, the transiently-activated promoter of 
the gene cassette of the present invention may be activated 
in response to, or in combination with, other external stimuli 
such as heat shock, exposure to electromagnetic radiation, or 
exposure to reduced temperatures. The present invention 
also provides a gene cassette where activation of the selec- 
tively-activated promoter is achieved only in response to 
external stimuli, and even then only in certain organs or 
tissues of the plant, some of which may exist only at specific 
stages in the plant's developmental cycle. 

[0087] Preferably, the gene sequence of the cassette of this 
embodiment of the present invention expresses a protein of 
the type selected from the group consisting of recombinases, 
invertases, integrases, transposases and resol vases. More 
preferably, the sequence expresses a recombinase-type pro- 
tein selected from the group consisting of FLP, Cre, Gin, R, 
PIV, C31, FimB, KW, SSV, IS1110/IS492, ParA, and TnpX. 

[0088] Furthermore, the gene cassette of the present 
invention comprises one or more promoter gene sequences 
selected from the group consisting of organ- or develop- 
mental stage-specific gene promoters selected from the 
group consisting of seed-, fruit-, pollen-, stem/shoot-, leaf-, 
root-specific gene promoters. Preferably, the one or more 
promoter gene sequences are selected from the group con- 
sisting of AG, AGL5, Bcpl, LAT52, PLENA, SIM, avrRpt2, 
and ale. 

EXAMPLES 
Example 1 

A Gene Cassette for the Reversible Introduction of 
Heterologous DNA Sequences into a Genome of a 
Vegetatively Propagated Plant 
[0089] Referring now to FIG. IB, the following describe 
the individual elements of the schematic of the gene cassette 
of this Example: 
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[0090] FRT is the recognition sequence of FLP; 

[0091] LoxP is the recognition sequence of Cre; 

[0092] Pro-1 and Pro-2 are two distinct pollen spe- 
cific promoter sequences, such as Bcpl and LAT52; 

[0093] FLP is a recombinase that recognizes FRT 
sequences and excises the DNA sequence flanked by 
two FRT sequences that orient as direct repeats; 

[0094] Cre is a recombinase that recognizes LoxP 
sequences and excises the DNA sequence flanked by 
two loxP sequences that orient as direct repeats; 

[0095] TG is a trait gene(s), such as herbicide-resis- 
tance gene, insect- or disease- resistance genes; 

[0096] MG is a marker gene, such as kanamycin 
resistance gene, for selection of transgenic cells and 
plants. 

[0097] A site-specific DNA recombinase excises DNA 
sequences flanked with two specific sequences (direct 
repeats) recognizable by the recombinase. When transgenic 
plants reach a specific developmental stage, a recombinase 
gene that is under the control of an organ- and developmen- 
tal stage-specific gene promoter is expressed. As a result, all 
transgenes flanked by the two excision sequences (recog- 
nized by the recombinase) are excised. A safeguard system 
(a second excision system), comprising a different DNA 
recombination system, is implemented to ensure complete 
excision of transgenes from the host genome. The plant- 
active gene promoters that drive expression of the two 
recombinase genes control when (at what developmental 
stage) and where (in what organs) the transgenes are excised 
from the host genome. 

[0098] When transgenic plants reach their reproductive 
stage, the FLP gene that is under the control of Pro-1 (a 
pollen-specific gene promoter such as Bcpl of Brassica) is 
expressed specifically in the pollen. As a result, all trans- 
genes flanked by the two FRT sequences are excised. 
Although the efficiency of the FLP-mediated excision is 
greater than 98%, a safeguard system (a second excision 
system), preferably the loxP/Cre system, is implemented. 
Expression of the Cre gene is controlled by Pro-2, another 
pollen specific gene promoter. Pro-2 can be the LAT52 gene 
promoter from tomato. The Cre protein excises the trans- 
genes flanked by the two loxP sequences. With these inde- 
pendent excision systems, complete or near complete 
removal of the transgenes from pollen is achieved. 

[0099] This gene cassette is designed to remove all trans- 
genes from the pollen of vegetative ly propagated transgenic 
plants. With this gene cassette, the pollen produced from 
transgenic plants becomes essentially wild-type (transgene 
free). Cross-pollination of transgenic plants with wild-type 
plants can cause spread of transgenes to the environment. 
With this gene cassette, undesirable spread of transgenes via 
cross-pollination can be reduced or eliminated. 

Example 2 

A Second Gene Cassette for the Reversible 
Introduction of Heterologous DNA Sequences into 
a Genome of a Vegetatively Propagated Plant 

[0100] Referring now to FIG. 2B, the following describe 
the individual elements of the schematic of the gene cassette 
of this Example: 



[0101] FRT is the recognition sequence of FLP; 

[0102] LoxP is the recognition sequence of Cre; 

[0103] Pro-3 is a promoter sequence that is specifi- 
cally active in male (stamens including pollen) and 
female organs (carpels) of the plant; Pro-3 is inactive 
after fertilization; an example of pro-3 is AG gene 
promoter of Arabidopsis; 

[0104] FLP is a recombinase that recognizes FRT 
sequences and excises the DNA sequence flanked by 
two FRT sequences that orient as direct repeats; 

[0105] Cre is a recombinase that recognizes LoxP 
sequences and excises the DNA sequence flanked by 
two loxP sequences that orient as direct repeats; 

[0106] Pro^4 is a promoter sequence that is specifi- 
cally active in carpels and stamens; examples of 
Pro -4 are AGL5 of Arabidopsis, PLENA of snap- 
dragon, and SIM of white campion; 

[0107] TG is a trait gene(s), such as herbicide-, 
insect- or disease-resistance genes; 

[0108] MG is a marker gene, such as the kanamycin 
resistance gene, useful for selection of transgenic 
cells and plants. 

[0109] A site-specific DNA recombinase excises DNA 
sequences flanked with two specific sequences (two direct 
repeats) recognizable by the recombinase. When transgenic 
plants reach a specific developmental stage, a recombinase 
gene that is under the control of an organ- and developmen- 
tal stage-specific gene promoter is expressed. As a result, all 
transgenes flanked with the two excision sequences (recog- 
nized by the recombinase) are excised. A safeguard system 
(a second excision system), a second, different DNA recom- 
bination system, is implemented to ensure complete excision 
of transgenes from the host genome. The plant-active gene 
promoters that drive expression of the two recombinase 
genes control when (at what developmental stage) and 
where (in what organs) the transgenes are excised. 

[0110] When transgenic plants reach their reproductive 
stage, the FLP gene that is under the control of Pro-3 (e.g., 
the AG promoter) is expressed specifically in stamens and 
carpels. As a result, all transgenes flanked with the two FRT 
sequences are excised. Although the efficiencies of the 
FLP-mediated excision are greater than 98%, a safeguard 
system, that is, a second, different site-specific excision 
system, such as the loxP/Cre system, is implemented. 
Expression of the Cre gene is driven by Pro-4, a carpel- and 
stamen-specific gene promoter, such as AGL5 of Arabidop- 
sis, PLENA of snapdragon or SIM of white campion. The 
Cre protein excises the transgenes flanked by the two loxP 
sequences. With these two-excision systems working inde- 
pendently, complete or near-complete removal of the trans- 
genes from pollen, fruits and seeds is achieved. 

[0111] This gene cassette is designed to remove all trans- 
genes from the pollen, fruits and seeds of vegetatively 
propagated transgenic plants. With this system, non-trans- 
genic pollen, seeds and fruits are produced from transgenic 
plants. This gene cassette reduces or eliminates potential 
health implications of GM plants when seeds and fruits 
produced from transgenic plants are used as food for human 
and animals. At the same time, this system eliminates 
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undesirable spread of transgenes to the environment via 
pollen (cross pollination with wild-type plants) and seeds. 

Example 3 

A Gene Cassette for the Reversible Introduction of 
Heterologous DNA Sequences into a Genome of a 
Sexually Propagated Plant 

[0112] Referring now to FIG. 3B, the following describe 
the individual elements of the schematic of the gene cassette 
of this Example: 

[0113] LoxP is the recognition sequence of Cre; 

[0114] RS is the recognition sequence of R; 

[0115] Pro-1 is a promoter sequence that is active 
specifically in the pollen and carpels but inactive 
after fertilization. An example of Pro-1 is the AG 
(AGMOUS) gene promoter of Arabidopsis; 

[0116] FRT is the recognition sequence of FLP; 

[0117] CI is an artificial chemical-inducible gene 
promoter that can be activated by external applied 
chemical. Examples of the d are an ethanol-induc- 
ible gene promoter and an ecdysone-inducible gene 
promoter; 

[0118] FLP is a recombinase that recognizes FRT 
sequences and excises the DNA sequence flanked by 
two FRT sequences that orient as direct repeats; 

[0119] TF is a transcription factor specific for CI. The 
presence of both TF and its inducer activates CI; 

[0120] Cre-R is a fusion of the coding sequences of 
the Cre and R genes; Cre is a recombinase that 
recognizes LoxP sequences and excises the DNA 
sequence flanked by two loxP sequences that orient 
as direct repeats; R is a recombinase that recognizes 
RS sequences and excises the DNA sequence flanked 
by two RS's that orient as direct repeats; the Cre and 
R coding sequences are linked with a specific rec- 
ognition sequence for a specific protease, such as 
V-R-T-Q/G-P-K-R for NIa; 

[0121] TG is a trait gene(s). Examples are herbicide- 
resistance gene, insect-or disease- resistance genes; 

[0122] MG is a marker gene, such as kanamycin- 
resistance gene, useful for selection of transgenic 
cells and plant; 

[0123] NIa is a site-specific cleavage protease. 

[0124] The first gene in this gene cassette is a fusion of a 
chemical-inducible gene promoter and a coding sequence of 
a DNA recombinase gene. The second gene is a chimeric 
gene containing an organ- and developmental stage -specific 
gene promoter (Pro-1), a blocking sequence (the first gene is 
used as a blocking sequence), and a fusion of the coding 
sequences of the second and third recombinase genes. 
Because the blocking sequence contains two specific exci- 
sion sequences recognizable by the first recombinase, the 
blocking sequence is excised when the first recombinase 
gene is expressed upon application of the chemical. Conse- 
quently, Pro-1 and the fusion of the coding sequences of the 
second and third recombinase genes are operably linked. 
The second and third recombinases themselves are con- 



nected as translational fusions with an excision sequence 
recognizable by a site-specific protease. All transgenes 
including a marker gene, trait genes and DNA recombinase 
genes are flanked with the specific excision sequences 
recognizable by the two recombinases. Upon expression of 
the second and third DNA recombinase genes at a specific 
developmental stage, all transgenes are excised from the 
genome of specific organs. , 

[0125] In practice, if dry seeds (before planting) are 
treated with a chemical inducer that specifically activates the 
chemical-inducible gene promoter, the first recombinase 
gene is expressed during seed germination. If young seed- 
lings in the field are treated with the chemical inducer (it can 
be sprayed together with a herbicide in the field), expression 
of the first recombinase gene is induced in the field. In both 
cases, the DNA sequences flanked by the two excision 
sequences (recognized by the first recombinase) are excised 
from the genome. As a result of the excision, Pro-1 is 
operably linked with the DNA sequence of the second and 
third site-specific recombinase genes. When Pro-1 becomes 
active at a specific developmental stage, the fusion protein 
of the second and third recombinases is produced in specific 
organs. The protease that is expressed constitutively in the 
cell cleaves the fusion protein into two pieces to produce two 
different functional recombinases. The plant-active gene 
promoter that drives expression of the second and third 
recombinase genes controls when (developmental stage) and 
where (organs) the transgenes are excised from the genome. 
Because two different types of recombinases are used, 
complete or near-complete removal of transgenes is 
achieved. 

[0126] If dry seeds (before planting) are treated with a 
chemical inducer that specifically activates CI, expression of 
FLP is then induced during seed germination. If, alterna- 
tively, young seedlings in the field are treated with the 
chemical inducer (it can be sprayed together with a herbicide 
in the field), expression of FLP is induced. Externally 
applied chemical inducers can be ethanol if CI is an ethanol- 
inducible gene promoter, or an ecdysone if CI is an ecdys- 
one-inducible gene promoter. In both cases, upon applica- 
tion of the chemical, the DNA sequences flanked by the two 
FRT sequences are excised. After the excision, AG and 
Cre-R are operably linked. When AG becomes active at the 
reproductive stage, the Cre-R fusion protein is produced 
specifically in stamens and carpels. Because Cre and R are 
connected as translational fusions with V-R-T-Q/G-P-K-R (a 
recognition sequence of the protease, NIa), NIa cleaves the 
fusion protein into two pieces to produce functional Cre and 
R recombinases. A constitutive and strong gene promoter 
such as 35S CaMV gene promoter is used to drive expres- 
sion of the NIa gene. Because both Cre and R proteins are 
present in the cell, transgenes in stamens and carpels (i.e., 
pollen, seeds and fruits) are efficiently excised. 

[0127] Gene Cassette C is designed to remove all trans- 
genes from the pollen, fruits and seeds of sexually propa- 
gated transgenic plants. With this gene cassette, no n -trans- 
genic products (e.g., fruits and seeds) can be produced from 
transgenic plants. The system reduces/eliminates potential 
health implications of transgenes if transgenic plants or their 
organs (e.g., seeds and fruits) are used as food for humans 
and animals. At the same time, this gene cassette eliminates 
undesirable spread of transgenes to the environment via 
pollen (cross pollination with wild-type plants) and seeds. 
Furthermore, the system can also be used to remove trans- 
genes from other organs if AG is replaced with an appro- 
priate gene promoter. 
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SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 11 

<210> SEQ ID NO 1 
<211> LENGTH: 33 
<2 12> TYPE: DNA 

<213> ORGANISM: Bacteriophage PI 
<400> SEQUENCE: I 

ataacttcgt atatgtatgc tatacgaagt tat. 33 

<210> SEQ ID NO 2 
<211> LENGTH: 1553 
<212> TYPE: DNA 

<213> ORGANISM: Bacteriophage PI 
<400> SEQUENCE: 2 



tgcgcagctg 


gacgtaaact 


cctcttcaga 


cctaataact tcgtatag'ca tacattatac 


60 


gaagttatat 


taagggttat 


tgaatatgat 


caatttacct gtaaatccat acagttcaat 


120 


accttagcag 


gtcaaatagt 


gaccacttga 


tcatttgatc aaggttgcgc tacgtaaaat 


180 


ctgtgaaaaa 


ttggcggtgt 


tagtcctaca 


gatttcgcgt accacttagc accaccaatc 


240 


aatcagaggt 


gaaaaatggg 


atattcaact 


gctaaagtgt ccactcatct tgagcttgag 


300 


aaaaaccgtg 


gttactggcg 


ggcaaaaggg 


tttgatcgtg atagttgcca actgtcatta 


360 


tcgcgcggtg 


aagagaaaat 


agaacgcacg 


cgcggtcgct ggcgtttcta tgacgagaac 


420 


cataaacagg 


taaaggcaga 


gccgatcctg 


tacactttac ttaaaaccat tatctgagtg 


480 


ttaaatgtcc 


aatttactga 


ccgtacacca 


aaatttgcct gcattaccgg tcgatgcaac 


540 


gagtgatgag 


gttcgcaaga 


acctgatgga 


catgttcagg gatcgccagg cgttttctga 


600 


gcatacctgg 


aaaatgcttc 


tgtccgtttg 


ccggtcgtgg gcggcatggt gcaagttgaa 


660 


taaccggaaa 


tggtttcccg 


cagaacctga 


agatgttcgc gattatcttc tatatcttca 


720 


ggcgcgcggt 


ctggcagtaa 


aaactatcca 


gcaacatttg ggccagctaa acatgcttca 


780 


tcgtcggtcc 


gggctgccac 


gaccaagtga 


cagcaatgct gtttcactgg ttatgcggcg 


840 


gatccgaaaa 


gaaaacgttg 


atgccggtga 


acgtgcaaaa caggctctag cgttcgaacg 


900 


cactgatttc 


gaccaggttc 


gttcactcat 


ggaaaatagc gatcgctgcc aggatatacg 


960 


taatctggca 


tttctgggga 


ttgcttataa 


caccctgtta cgtatagccg aaattgccag 


1020 


gatcagggtt 


aaagatatct 


cacgtactga 


cggtgggaga atgttaatcc atattggcag 


1080 


aacgaaaacg 


ctggttagca 


ccgcaggtgt 


agagaaggca cttagcctgg gggtaactaa 


1140 


actggtcgag 


cgatggattt 


ccgtctctgg 


tgtagctgat gatccgaata actacctgtt 


1200 


ttgccgggtc 


agaaaaaatg 


gtgttgccgc 


gccatctgcc accagccagc tatcaactcg 


1260 


cgccctggaa 


gggatttttg 


aagcaactca 


tcgattgatt tacggcgcta aggatgactc 


1320 


tggtcagaga 


tacctggcct 


ggtctggaca 


cagtgcccgt gtcggagccg cgcgagatat 


1380 


ggcccgcgct 


ggagtttcaa 


taccggagat 


catgcaagct ggtggctgga ccaatgtaaa 


1440 


tattgtcatg 


aactatatcc 


gtaacctgga 


tagtgaaaca ggggcaatgg tgcgcctgct 


1500 


ggaagatggc 


gattagccat 


taacgcgtaa 


atgattgcta taattagttg ata 


1553 



<210> SEQ ID NO 3 
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<211> LENGTH: 61 
<212> TYPE: DNA 

<213> ORGANISM: Saccharomyces cerevisiae 
<400> SEQUENCE: 3 

gggctaccat ggagaagttc ctattccgaa gttcctattc tctagaaagt ataggaactt 60 
c 61 

<210> SEQ ID NO 4 
<211> LENGTH: 1272 
<212> TYPE: DMA 

<213> ORGANISM: Saccharomyces cerevisiae 
<400> SEQUENCE: 4 



atgccacaat 


ttggtatatt 


atgtaaaaca ccacctaagg tgcttgttcg tcagtttgtg 


60 


gaaaggtttg 


aaagaccttc 


aggtgagaaa atagcattat gtgctgctga actaacctat 


120 


ttatgttgga 


tgattacaca 


taacggaaca gcaatcaaga gagccacatt cat gage tat 


180 


aatactatca 


taagcaattc 


gctgagtttc gatattgtca ataaatcact ccagtttaaa 


240 


tacaagacgc 


aaaaagcaac 


aattctggaa gectcattaa agaaattgat tectgettgg 


300 


gaatttacaa 


ttattcctta 


ctatggacaa aaacatcaat ctgatatcac tgatattgta 


360 


agtagtttgc 


aattacagtt 


cgaatcatcg gaagaagcag ataagggaaa tagecacagt 


420 


aaaaaaa-tgc 


ttaaagcact 


tctaagtgag ggtgaaagca tctgggagat cactgagaaa 


480 


atnctaaatt 


cgtttgagta 


tacttcgaga tttacaaaaa caaaaacttt ataccaattc 


540 


cterttctrtag 


ctactttcat 


caattgtgga agattcagcg atattaagaa cgfctgatccg 


600 


aaatcattta 


aattagtcca 


aaataagtat ctgggagtaa taatccagtg tttagtgaca 


660 


gagacaaaga 


caagcgttag 


taggcacata tacttcttta gcgcaagggg taggatcgat 


720 


ccacttgtat 


atttggatga 


atttttgagg aattctgaac cagtcctaaa acgagtaaat 


780 


aggaccggca 


attcttcaag 


caataaacag gaataccaat tattaaaaga taacttagtc 


840 


agatcgtaca 


ataaagcttt 


gaagaaaaat gegecttatt caatctttgc tataaaaaat 


900 


ggcccaaaat 


ctcacattgg 


aagacatttg atgaccrtcat ttctttcaat gaagggecta 


960 


acggagttga 


ctaatgttgt 


gggaaattgg agegataage gtgcttctgc cgtggccagg 


1020 


acaacgtata 


ctcatcagat 


aacagcaata cctgatcact acttcgcact agtttctcgg 


1080 


tactatgcat 


atgatccaat 


atcaaaggaa atgatagcat tgaaggatga gactaatcca 


1140 


attgaggagt 


ggcagcatat 


agaacagcta aagggtagtg ctgaaggaag catacgatac 


1200 


cccgcatgga 


atgggataat 


atcacaggag gtactagact acctttcatc ctacataaat 


1260 


agacgcatat 


aa 




1272 



<210> SEQ ID NO 5 

<211> LENGTH: 900 

<212> TYPE: DNA 

<213> ORGANISM: Brassica napus 

<400> SEQUENCE: 5 

tatcattcct ttaatttcaa ggaattatag aacaaaaaat gttcttataa aaattaagaa 60 

aggaacaagg gattcattcc tactattctg tgcttggtca ttattttcct cttcattcat 120 

attgtttctt taattgttac caattagaac tttaacgaat aaatagttaa ttegtattat 180 
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gagatttaca caattcttat tcactcaatt tggagtttta aagatttttt aaaagattta 240 

tggtgggaac cttcttcrttt tcttatttat catgatgatg ataaccttcc cagcagaatt 300 

attcttagaa ctttfctttca catttaggta tccatgccta agtaaggctt agttaaagat 360 

gttttataaa ctttgatcaa aatattcatt caattaattt gagcttcaac tataaattgt 420 

tgtatgcatt cttttagcct gtaagatatc agacattcac gtttcgatat tcatcaaaca 480 

agtatataaa taatatgaat attgtacatt cattttattc ggaccaaaaa aaataaaaat 540 

aaatattcgt attcatcrtat gctttggcat ggtccgttct tttttcrttga ttggctcgtt 600 

accattcaaa aatatatacc ttagcaaacc catttttaga cattccagtt gatctacatt 660 

agattgaacg gtattcctcc tacgtagtaa gaacgtfcttc tatttttctt tgtttcagtc 720 

atacaacaca actatatata cacagcaacc ccatctcctc tccaatcatc acaatctcrta 780 

acgttaaacc ctaagacaaa ctaaaagaga gctacgtaca aggagacaga gagaagaatg 840 

ggtcgccaaa acgctgtcgt agtttttggc cttgtgttcrt t-ggccatcct tggcc-tcgcc 900 



<210> SEQ ID NO 6 
<211> LENGTH: 1048 
<212> TYPE: DNA 

<213> ORGANISM: Arabidopsis thai i ana 
<400> SEQUENCE : 6 

gaaaatgatg aggaatgggc aaaacacaaa agagtttcct ttcgtaacta caattaatta 60 

atgcaaatct gagaaagggt tcatggataa tgactacaca catgattagt ca-ttccccgt 120 

gggc-tctctg ctttcattta ctttattagt ttcatcttct ctaattatat tgtcgcatat 180 

atgatgcagt tcttttgtct aaattacgta atatgatgta attaattatc aaaataatat 240 

taacgacatg caatgtatat aggagtaggg caataaaaag aaaaggagaa taaaaaggga 300 

ttaccaaaaa aggaaagttt ccaaaaggtg attctgatga gaaacagagc ccatacctct 360 

cttttttcct ctaaacatga aagaaaaatt ggatggtcct ccttcaatgc tctctcccca 420 

cccaatccaa acccaactgt cttcrtttctt tcttttttct tctttctatt "tgatattttc 480 

taccacttaa ttccaatcaa tttcaaatt* caatctaaat gtatgcatat agaatttaat 540 

taaaagaatt aggtgtgtga tatttgagaa aatgttagaa gtaatggtcc atgttctttc 600 

tttctttttc cttctataac acttcagttt gaaaaaaaac taccaaacct tcrtgttttct 660 

gcaaatgggt ttttaaatac ttccaaagaa atattcctct aaaagaaatt ataaaccaaa 720 

acagaaacca aaaacaaaaa ataaagttga agcagcagtt aagtggtact gagataataa 780 

gaatagtatc tttaggccaa tgancaaatt aactctctca taattcatct tcccatcctc 840 

acttctcttt ctttctgata taattaatct tgctaagcca ggtatggtta ttgatgattt 900 

acactttttt taaaag-tttc ttccttttert ccaatcaaat tcttcagtta at.ccttataa 960 

accatttctt taatccaagg tgtttgagtg caaaaggatt tgatctattt ctct-tgtgtt 1020 

tatacttcag ctagggctta tagaaatg 1048 



<210> SEQ ID NO 7 
<211> LENGTH: 5497 
<212> TYPE: DNA 

<213> ORGANISM: Arabidopsis thaliana 
<400> SEQUENCE: 7 
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tatcattttt 


ttt atatg tc 


aatatcacaa 


caagtaaaca 


tcatcaactt 


caaatctcac 


60 


t aac a t aa at 


agtatgctaa 


ttt t c 1 1 c ac 


tatctgagta 


attttctcct 


tctttttaca 


120 


tcattcgatt 


ctatatttgc 


cacaccatta 


aatagataag 


tatattggtt 


cttactacta 


180 


ataatcagtt 


tagccatata 


tctaattaca 


cagttttctt 


ttatatgtta 


ctttatattt 


240 


gtacaccatc 


agttactata 


tacggaataa 


attacacctc 


atcatgtaat 


tacaatatta 


300 


tcataaattt 


tttgaaattc 


tattctttaa 


tattttcagt 


atccagaatc 


cattttctta 


360 


tatttattct 


ggcaaaataa 


tgtaaaatgg 


tatcaaatat 


acaacaccat 


atatttgttt 


420 


ataaataact 


tccttaatta 


gtgaaacaaa 


ttttcctgea 


gaatgtcact 


taaatcttta 


480 


aaacaattca 


caaaagaaaa 


gggaatagag 


ctgaaatttt 


ttcctcttta 


aaaagatcaa 


540 


gatttagtaa 


aaactagaaa 


caaagaagaa 


gatcgatatt 


tgttgtaaca 


aaaaaatgta 


600 


ctgatcagat 


ttacccaaag 


attttagtgc 


ctcaaaaact 


ttcacatgaa 


aagcaaagac 


660 


aagtaatggt 


aagtagagtc 


tgcatctcat 


gagtgattgc 


ccaacttgaa 


ccctcttttc 


720 


atttagacct 


ttgtgaaaga 


ccacacaaga 


actacccacc 


aataactctc 


tctttttttc 


780 


ttcatttcca 


aaaactattt 


attcatttct 


acaatttctc 


aatttggggg 


tgtccttaat 


840 


aagtattata 


tttatgaaaa 


gtccggatgt 


atggtgggtg 


ttatttatgg 


taattaacac 


900 


tatttattaa 


taatattttt 


catgtgattt 


caaaagctga 


tgtactcatg 


ctttgtgaac 


960 


ctttagattg 


ctctatgtca 


atcttttatt 


ttaacctatc 


atatgtctaa 


atgtactgaa 


1020 


aagaaacacc 


agtttaatta 


attatacttc 


cctcatatat 


aactatcaac 


caagtacaaa 


1080 


acttttgtca 


attctcaaaa 


tcaactttca 


ccacataatt 


atctaacatg 


tgtatgttcc 


1140 


aaaaccagtt 


taaatagaat 


tacttttcag 


aaaatacatg 


tatattaact 


ctatctaata 


1200 


aagaagaaac 


acatacttat 


ctcatagatt 


ccattcataa 


aactatgett 


tagtgagtaa 


1260 


gaaaaccagt 


aatcaaacac 


aaattgacaa 


gacactatat 


ggatgtaaaa 


agtggggaaa 


1320 


aatggt gata 


aatagtagag 


aaaattaaaa 


agaaaaaaaa 


tattccttta 


taaatgtata 


1380 


tacccatctc 


ttcaccagca 


caaccttacc 


ttccattttc 


tgeaacttet 


ccaaatctca 


1440 


t ac t tt c c ag 


a aa ate attt 


tcccaagaaa 


aataaaactt 


tcccctttgt 


tcttctcccc 


1500 


ccaacaggtc 


aggctagtat 


tttgttgttc 


cccaatcctt 


tcaaacatta 


tcttcttcat 


1560 


a QtAtt actt 


4- »n4-4> r* a n4-4- 

tgettcaett 


c tt 1 1 ggt cc 


ttaaa ccaaa 


tttttgttct 


tctttagttt 


1620 


r* i-»4-- *- -1-4- 4- 4- « 

c ctctittcc 


c gc ttt ga tt 


tgattctttt 


tatgttattt 


agagagaaac 


aagattcaca 


1680 


aattctctga 


4- <->4- 4-n4- 4-4> a • 

tct tec tt aa 


etc 1 1 1 aa aa 


_4_ 4_ 4*4* «4- 4_ 4_ 4_ 

cttttctttt 


tcacactcta 


gatttaaatt 


1740 


atccctatgg 


ttacaaaaca 


attttgttct 


tagtttataa 


cttgtgtatt 


accatccttt 


1800 


cttgattaac 


tcttgttagg 


agaatatgaa 


tgtaagatca 


ataaagttct 


tcaactttat 


1860 


aattccttct 


ataagatgtg 


tgteggcaac 


agaattaaat 


taaatcttta 


tagtttaact 


1920 


ttaatctcaa 


ccataattca 


aaagaataga 


aaacatgaag 


aatcttgagt 


cttttcaaga 


1980 


aaatcttgat 


tggttttttg 


ttggattctt 


gtaattctgt 


actaatcaaa 


ttttgeccta 


2040 


aacgtttttg 


gctttggagc 


agcaatcacg 


gcgtaccaat 


eggagctagg 


aggagattcc 


2100 


tctcccttga 


ggaaatctgg 


gagaggaaag 


atcgaaatca 


aaeggatega 


gaacacaacg 


2160 


aatcgtcaag 


tcactttttg 


caaaegtaga 


aatggtttgc 


tcaagaaagc 


ttacgagctc 


2220 


tctgttcttt 


gtgatgctga 


agtcgcactc 


ategtcttet 


ctagccgtgg 


tegtctctat 


2280 



Sep. 5, 2002 



US 2002/0124280 Al Sep. 5, 2002 

18 



-continued 



gagtactcta 


acaacaggtt 


tcttcttctt 


ctcgtgctct 


gttcttactt 


tattaataat 


2340 


taaattattt 


ttaaagtccg 


atttagggtt 


ttatgtttat 


gttaaagcat 


aaatctttta 


2400 


cgagggtttt 


cgatcttcta 


agctagattt 


gattctcttc 


ttcttgaatg 


ctcttatggg 


2460 


taggattatt 


tttcactttt 


ttccttcata 


ttccacacac 


atatatatat 


aaacacacta 


2520 


acattagtgg 


gaatatttgt 


ttgatatgtt 


tattttattt 


actteggggg 


tttttgtaac 


2580 


aattttgtag 


atctaatttc 


ttgttcttca 


tgtgtatatt 


aattttccct 


taagacttaa 


2640 


ataaaaagag 


agaatttg-t-t 


atatatagat 


atatgaagtg 


agggaaatgg 


tacaaagtta 


2700 


aaggagatct 


gagtgagagt 


tagataataa 


atgaaaagaa 


ataagaaacc 


atcagggttt 


2760 


tttctaatgt 


ggagttttag 


attcagtttt 


gtagaactaa 


gattcacttt 


gttgggtgtt 


2820 


ctttcttcac 


tcatttctgt 


tattataata 


ataataaaat 


cttatatctt 


tctattttcc 


2880 


ttactaacaa 


gtacttgaag 


atttagatat 


atttatagat 


ctggtgttgt 


aataggtaaa 


2940 


aacttgattt 


ttatgactat 


aaaagtaagt 


tttgggaaac 


aaattgggga 


gagagtaagg 


3000 


aaggactatg 


aggtcatatc 


ttctgttttg 


tgatcatcca 


tcctccattg 


ttgttaatgt 


3060 


ctgtgtctct 


ctttttcttc 


tcttctttct 


cttactttcc 


tttcttatct 


ctagctctct 


3120 


ttctctctca 


tgaattatat. 


catatcatat 


atttgataca 


aacacatgtg 


atggtaagtg 


3180 


agagtgaata 


aggtgaaact 


agctagattt 


ttgagttttc 


atgaaatttt 


aacttatatg 


3240 


agtgatagaa 


aataatggaa 


cttatacgta 


catgtaggac 


aatttagatg 


gttatctaag 


3300 


tttttgtttt 


tgttttctct 


tgagaatgtt 


aaatgttagt 


gttatttttg 


tagttttgga 


3360 


aaattatata 


tgagctaaga 


ttagtttaga 


agtggtcaaa 


agaaacatag 


atttgaaatt 


3420 


tcaactgaat 


tttcaagatt 


tcaaatagtc 


aatgaaacaa 


ggaggtaatt 


aagacaaatt 


3480 


agcttatggg 


gactcttttt 


tgttattcct 


taaaattact 


ctttttaaaa 


ttaaaaataa 


3540 


ctaatctcat 


ttcgaactac 


attactcaaa 


ctagtaatct 


ctaattcgac 


aegcaattte 


3600 


caaatactta 


ttagtagaga 


gtcccacgtg 


attactttct 


tctccaccaa 


aacataaaac 


3660 


atgtcaagat 


taaatggtgt 


ttgaaaatta 


aaagatcaat 


tttcttaatc 


gtttacagtt 


3720 


gtcaactctc 


atgtcctgaa 


atatataatt 


ctcatgtcca 


aaacaagaaa 


agctaacaac 


3780 


gacttcaaat 


taaatcagtc 


aatcaaaatt 


agtcttcatt 


tacctactaa 


tttcttttta 


3840 


tatatccgat 


gggtactcta 


cgaaatcaga 


gtttcgtttc 


tttatttatt 


ttcttttata 


3900 


agatttttga 


ggttttttca 


gaggttggaa 


ttgagcgcaa 


gattaggttt 


tgggtctgta 


3960 


agatttgttg 


tctttgttaa 


agaatctttg 


atcacgtcat 


cactcagata 


ttatttcttt 


4020 


ttatttttca 


cttgtatttt 


tactaattta 


ttataaagtt 


ttgttagttt 


cagttcttga 


4080 


cttctgacaa 


gaaggtttta 


tgtcataatg 


aattaatttg 


taacctattt 


ataaattcaa 


4140 


aaatgtcatc 


atattactac 


ttttgaccat 


ttaatattag 


atttctcatt 


tggtcaatac 


4200 


ccaatgttca 


tattacatat 


atagagacaa 


aaattataag 


gatactaaat 


tgttcatatt 


4260 


tcttggaagt 


aaaaagatta 


atgatcactg 


aataaataga 


tttggcatag 


aagtatagca 


4320 


ttggaattgc 


ttcaacatct 


ttggtgtaga 


tagatttatg 


caatttctct 


ttctttttga 


4380 


agtatctttt 


ttttttctag 


agagagaata 


atgttaggga 


tttttatcat 


tttctctctc 


4440 


attatgggta 


ctgagaggaa 


agtgagattt 


ttagtacgga 


tccaatagtt 


taagagtttg 


4500 


gtctgccttc 


tacgatccaa 


aaaaatctac 


ggt cat gate 


tctccatcga 


gaaggttgag 


4560 
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agttcagaca 


tcaaagtcta 


-taatatgtca 


ttgtaatacg tatttgtgta tat at at eta 


4620 


tgtacaagta 


catatacagg 


aaactcaaga 


aaaaagaata aatggtaaat ttaattatat 


4680 


tccaaataag 


gaaagtatgg 


aacgttgtga 


tgt tact egg acaagtcatt tagttacatc 


4740 


catcacgttt 


aaatttaatc 


caatggttac 


aattttaata ctatcaaatg tctattggat 


4800 


ttatacccaa 


tgtgttaatg 


ggttgttgac 


acatgtcaca tgtctgaaac cctagacatg 


4860 


ttcagaccaa 


tcatgtcact 


ctaattttgc 


cagcatggca gttggcagcc aatcactagc 


4920 


tcgataaatt 


taaggtttca 


gaggaatttt 


aatttattta gggttcatat tgtttcataa 


4980 


aatgattctt 


tatttgttac 


aactttaagg 


aaatatttta ttaactattt aattgttccc 


5040 


ttttcttata 


ttacttttgt 


tttttcttca 


catcatgtgt cacattaagt tgeatttett 


5100 


ctgactcaaa 


agaaccgatg 


tttgctttta 


aggtttcgta ttagaatcac ttaactgtgc 


5160 


aagtggtcga 


tttgacccta 


tcaattttat 


tttttattac ttatcaaaat gcagatttaa 


5220 


gcgtagatta 


agtttagaaa 


ataggtagtt 


aataggtcta attaacttat taattccttt 


5280 


aaaaaaatta 


ttgcagtgta 


aaagggacta 


ttgagaggta caagaaggca atateggaca 


5340 


attctaacac 


cggatcggtg 


gcagaaatta 


atgcacaggt aagtggtaac ttaatattac 


5400 


acgaatgatt 


ttaattaata 


tatgatgaca 


tgacaacatt gttcattctt ttactctttt 


5460 


tttttttgtt 


gttgttgtag 


tattatcaac 


aagaatc 


5497 



<210> SEQ ID NO 8 
<211> LENGTH : 666 
<212> TYPE: DNA 
<213> ORGANISM: tomato 



<400> SEQUI 


INCE : 8 








cctatacccc 


ttggataagg gtagctctat 


ctatatagtc 


aattattgtc ttctgtctgt 


60 


tggtgtcgac 


atactcgact cagaaggtat 


tgaggaatga tcgattctgg gtcatttgtg 


120 


tggttaatca 


ccctccaaat caactaagtc 


atcctgaagg 


acaatatcct attttttctc 


180 


tcgtaggttt 


atcatttaaa ttactatege 


gtgataattt tgtaaegtag aaaaataata 


240 


ccattaatcc 


aaacgttata ttcattaaaa 


taattatgat 


acatttaaaa atatttegtg 


300 


acctctcaat 


tattgeaaat tetaagecat 


cccaagtttt 


gaggctaatt ttttttacta 


360 


tactattttt 


acaaccacaa aaacataaaa 


aataaaaaat 


aaaaaaaata aaccgagtca 


420 


attgetacaa 


tcacttcatt attaatttta 


attaatatta 


tgtggttata tatgaaactg 


480 


ttagagaaat 


aatagctcca ccatattttt 


ttctcaattt 


attttcacta taaaaaggct 


540 


atttcattat 


aatcaaaaca agacacacac 


aaagagaagg 


agcaataaaa taaaagtaaa 


600 


caacaatttg 


tgtgtttaaa aaaaaaaaaa 


aagtacacac 


accaaaaaaa aaaattccaa 


660 


tttaaa 








666 



<210> SEQ ID NO 9 
<211> LENGTH: 76 
<212> TYPE : DNA 

<213> ORGANISM: Zygosac char amy ces rouxii 
<400> SEQUENCE: 9 

ccgcgtggac cactttcctg accctagtgg cagcccaggg tggatctccc taggactege 60 



agttgagctc agattt 



76 
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<210> SEQ ID NO 10 

<211> LENGTH: 1473 

<212> TYPE: DNA 

<213> ORGANISM: Zygosaccharamyces rouxii 

<400> SEQUENCE: 10 



tcaggaggtg 


tcgatggatc 


gtccgacgac 


aatgctaatc 


tttcggcgct 


tcacatgtgc 


60 


cgctgttaac 


gcgttataaa 


gtgcagttct 


cccattatcc 


ggaaaatctg 


ggacgcctcg 


120 


ggaacttctt 


gcttgtaact 


tatactcttt 


accttcgtta 


ttcttgaacc 


tggcatagct 


180 


gctcaaaaaa 


accaatacat 


ccattggtat 


tatttctgca 


ttctttccat 


a cc gage cat 


240 


caatgtctcg 


atatctgata 


tcataggaat 


attcttgtct 


tgttcacaag 


ggttgctatt 


300 


tggatcaacc 


aactcacacg 


ccctttcggc 


tgtgatatta 


taaaaccccg 


atagaaaege 


360 


aaataaataa 


gaaggcggac 


tcttttctat 


cgtgtgcatg 


tatcgagcct 


tagccacacg 


420 


gctaacacct 


tcttcccgcg 


cggcagacca 


attaccatag 


agcgtggctt 


ctttatccat 


480 


ctcattattt 


gaaagatatg 


aagctgtcac 


atgcctgcct 


aaatgcgctt 


teggtccatt 


540 


gggtatttta 


aagatgctct 


catccgattg 


tttagagata 


aacccgtcat 


atgagcctaa 


600 


cagactgttc 


ctgagaagct 


ggtaatcata 


gcgtgcatcc 


tcatcagtag 


ttcgagtttt 


660 


gggaatagga 


tctgtccatt 


ggaggtatga 


atctagtgcc 


aacagcgggt 


cgcatcgtcc 


720 


tttacaaggg 


aagaaataga 


caaaacgagt 


accagtctta 


gtctctggga 


caaaagcacg 


780 


tagcatgcgg 


ccaaggtgct 


tgtctggaat 


aacttcaaat 


gtcttgatat 


eggtattett 


840 


taagtcgtct 


gctctacaac 


aattcataaa 


agtcgcctga 


agcaaaagat 


tgtacgegge 


900 


ttttgttgta 


ggccgagtag 


ttctagcttc 


tattaagtcc 


atagtcttcc 


cgacaaaccc 


960 


ccaaatagtt 


tcctgtgttt 


cagcgatttt 


agtgatttca 


tcattaatct 


tgttacccaa 


1020 


atctcttttc 


cgacctgctt 


cctttctcat 


atgtacagca 


gataaatgac 


tcattacatc 


1080 


atcaggcttt 


tcgtgtaccc 


ccacaacaaa 


tctatagggc 


gatacaacat 


cttcgagtcc 


1140 


ttttattagc 


ttacttgggt 


ctttcaaatg 


gtattcaaag 


gataccgttt 


tagtggaaga 


1200 


atcgtattgc 


aatgtttttg 


aaatagaccrt 


ctggtatttc 


aagaaagtgg 


agegcttgae 


1260 


aggaacgtcc 


tttcttttct 


gactcgccaa 


attggccatc 


aaaattatca 


tegtcagatg 


1320 


ggaggctagt 


ttttccttag 


gtaaagggtt 


ctcattctcc 


aaaatgtctt 


ttattttaga 


1380 


gatctggtgt 


aagggaagga 


tttgactaag 


ctcgctgaag 


tctgacattt 


gtctattaat 


1440 


tgttgaaatt 


tcagtatcct 


tggtcaattg 


cat 






1473 



<210> SEQ ID NO 11 
<211> LENGTH: 426 
<212> TYPE: DNA 

<213> ORGANISM: Tobacco vein mottling virus 
<400> SEQUENCE: 11 

eggaaggatg gtaattatag gtacccatgc tgetgegtea ctctcgaaga tggtagtcca 60 
atgtactcag agcttaaaat gecaacgaaa aatcatctag taattggcaa ttcaggggat 120 
ccgaaatact tggatctacc aggtgaaatt agcaatctta tgtacatagc aaaggaagga 180 
tattgttata tcaacatatt tettgeaatg cttgttaatg ttgatgaagc taacgccaag 240 
gactttacta agagagtgag ggacgagtca gtacaaaagc ttggaaagtg gecaagttta 300 



